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Pedomorphosis: An Approach to the 
Chordate-Echinoderm Problem 


O OBTAIN a clear view of the exist- 
ing evidence on the relationship of 
chordates and echinoderms it would be 
necessary to analyze and then integrate 
the contributions from morphology, em- 
bryology, and paleontology in a com- 
prehensive study. During the past four 
years I have tried to do this, and I expect 
to complete a review of the subject before 
long. The present discussion concerns 
only the possible bearing of changing de- 
velopmental rates upon certain morpho- 
logical characters of primitive chordates. 
Pedomorphosis refers to the resem- 
blance in structure between an adult ani- 
mal and the immature stages of some 
ancestor. De Beer (1940) has given nu- 
merous examples of it. Pedogenesis, a 
related term, simply implies the ability of 
an animal to reproduce while otherwise 
possessing immature or larval characters; 
it is therefore one aspect of pedomorpho- 
sis. Naturally pedomorphosis is a relative 
term, since any degree of persistence of 
juvenile characters beyond the stage of 
their appearance in an ancestor illustrates 
this idea. One or a few characters may 
show such persistence while others do not. 
While it is true, as Zangerl (1948) says, 
that we must beware of isolating “char- 
acters” from the animal as a whole, espe- 
cially in dealing with a continuing process 
like ontogeny or phylogeny, nevertheless 
it is an aid in thinking to recognize differ- 
ences in the rate of development of partic- 
ular systems or organs, and a convenience 
to describe these parts as “characters” 
with full awareness that they cannot be 
independent. 
A further implication of pedomorphosis 
is that the number of characters appearing 
in succession during the ontogeny of a 
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pedomorphic animal is less than the num- 
ber that appeared in its ancestor, because 
the animal reaches maturity while still 
in possession of what was formerly a set 
of larval or juvenile characters; thus the 
ancestral adult characters are sacrificed 
and never appear again in that phyloge- 
netic line. Presumably this could be ac- 
complished by prolonged selection favor- 
ing gene-mutants with lower develop- 
mental rates. 

Details presented here are apparently in 
harmony with the following four hypoth- 
eses: (1) Early Paleozoic ostracoderm 
fishes show, in their adult characters, 
affinity with certain adult cystoid (and 
perhaps carpoid) echinoderms. (2) The 
worm-like hemichordates in their develop- 
ment make only slight advances toward 
an adult vertebrate stage from an echino- 
derm-like larva; then characters asso- 
ciated with the burrowing habit intervene, 
and the balanoglossid is little more than a 
persistent echinoderm larva with worm- 
like habitus superimposed. (3) The Ptero- 
branchia and graptolites are to be re- 
garded as an offshoot of the hemichordate 
line, which in becoming primarily sessile 
have added tentacles and the budding or 
colonial habitus. (4) Amphiozxus (Branch- 
iostoma) and the tunicates arose from one 
common stock which was pedomorphic in 
the sense that it failed to complete a fish- 
like body or develop a skeleton, but it re- 
tained a number of the characters of lar- 
val vertebrates. 

With regard to the first point, it can be 
said that cystoid echinoderms (Cambrian 
to Devonian, inclusive) were primarily 
sessile and usually pedunculate, but many 
were secondarily detached and used the 
peduncle in moving about; among these 
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we find the nearest approach to bilateral 
symmetry and a close resemblance to 
some ostracoderms. Carpoids, at least as 
restricted recently by Caster (1952), were 
all detached and strongly bilateral, and 
had a somewhat specialized peduncle; the 
pattern of thecal plates, but not neces- 
sarily the peduncle, suggests some ostraco- 
derms. 

There can be little doubt, of course, that 
the peduncle is homologous with the stem 
of crinoids. The young ciliated larva of 
Antedon (a crinoid), before developing its 
stem, attaches to a surface by means of 
the fixation pit on the preoral lobe, and as 
the stem grows by elongation of this lobe 
the mouth migrates back to the posterior 
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end, accompanied by much shifting of in- 
ternal parts (Figs. la, b; 2). But this 
transformation is associated with the ses- 
sile habit. If, instead, we take the mouth 
to be a fixed point, we might equally well 
think of the stem as migrating backward, 
along the dorsal rather than the ventral 
side. In the larva of a starfish, Asterina 
gibbosa (Fig. 1d), the preoral lobe is 
slightly concave and ciliated, and acts as 
a sucker, on which the larva crawls before 
attaching temporarily by its fixation disk. 
While we can know nothing directly of 
cystoid or carpoid embryology, it is highly 
probable that the preoral lobe had a 
similar function as either an organ of 
attachment or a creeping organ, before 
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a, b, Early larvae of the crinoid, Antedon. After Seeliger. c, Tornaria larva of 


Balanoglossus. After Morgan. d, Larva of starfish, Asterina. After Ludwig. ap., apical tuft; 
col., columnars; fiz., fixation pit; m., stomodeum; pol., preoral lobe; st., stomach. 
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growing dorsally (aborally) into a pe- 
duncle. Now, in terms of larval echino- 
derm orientation, we may say that the 
vertebrates have a dorsal or aboral trunk 
and tail, in association with which the 
central nervous system becomes drawn 
out axially. 

The distinctive features of Enterop- 
neusta, which appear so extraordinary 
when we try to associate this group with 
either echinoderms or other chordates, 
seem much less so if we grant a large role 
to pedomorphosis in producing them. Em- 
bryonic and early larval development is 
essentially the same as in echinoderms, 
but not at all like that of other chordates 
(Fig. 1c). The preoral lobe develops al- 
most to the point of becoming an organ of 
attachment, so that the larva creeps with 
it, but then no further approach to the 
sessile habit is made, and no stem appears. 


col. 
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Larva of 
After Seeliger. 
fibers surrounding chambered organ; col., col- 
umnars; st., stomach; sto., storaodeum; tent., 
tentacles. 


Antedon after fixation. 
ax., axial organ; az.f. axial 


Instead, the lobe becomes a _ proboscis. 
Similarly, a slight advance toward the 
vertebrate stage is made by the formation 
of gill slits, an invaginated neural tube, 
and a short notochordal pocket, but de- 
velopment in that direction then stops. 
The trunk does not correspond to a tail, 
but is a part of the worm-like specializa- 
tion which has taken these animals far 
from the main line of chordate descent. 

As to the neural tube, some further 
words are necessary. In the larva of Ante- 
don the apical tuft cells on the preoral lobe 
lose their cilia and “retreat to the bases of 
their neighbors, and here form ganglion 
cells; in this way an apical plate ... is 
formed, from whence a chord of nerve 
fibres extends down on each side of the 
ventral surface of the larva” (MacBride, 
1914, 547). In Balanoglossus the apical 
plate area moves back to and past the pro- 
boscis pore, and gives rise to the neural 
tube, while in the sessile degenerate Ceph- 
alodiscus it remains an external plate in 
the area of the proboscis pore. In other 
words, among Hemichorda the region of 
fixation of the echinoderm larva is repre- 
sented by the proboscis, and the apical 
plate cells by those of the neural plate 
and neural tube. 

The conclusion, from recent work of 
Kozlowski (1947), that graptolites are 
closely related to the sessile hemichor- 
dates, Cephalodiscus and Rhabdopleura, 
appears at first sight to throw a monkey 
wrench into the whole scheme of chordate- 
echinoderm relationships, because grap- 
tolites are well-known Cambrian fossils, 
thus antedating any known vertebrates. 
Kozlowski’s evidence seems convincing, 
but one need not agree with Von Engeln 
and Caster’s inference (1952) that this 
pushes the connection between verte- 
brates and invertebrates far back into pre- 
Cambrian times. Rather we may regard 
the graptolites and other hemichordates as 
an early specialized offshoot from echino- 
derm-like chordates, but by no means a 
link with invertebrates. It is true that 
this will compel us to look for the verte- 
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brate link in the Cambrian rather than the 
Ordovician. 

As noted above, the preoral lobe, used 
for creeping by some echinoderm larvae, 
is related ontogenetically to the crinoid 
stem and perhaps, by way of cystoids, to 
the vertebrate tail. According to this view, 
the early nonradial echinoderms were in 
a position in which their adult structure 
could either become fish-like and bilateral 
or become sessile and emphasize radial 
symmetry, while their larval develop- 
ment could go either in the chordate direc- 
tion, using a part of the preoral lobe as the 
neural plate, or in the echinoderm direc- 
tion, using it for attachment and then 
changing the position of other organs ac- 
cordingly. Primitive vertebrates, in this 
case, could be considered pedomorphic in 
the failure of the larva or embryo to at- 
tempt any attachment, and in the reten- 
tion of a superficial neural plate which 
they rework into a tubular central nervous 
system, drawn out axially in correlation 
with the axial locomotor mechanism. 

In the larva of Balanoglossus a pore 
forms on the dorsal surface, opposite the 
mouth, and leads into a cavity, the anter- 
ior coelom, already present in the preoral 
lobe. The pore becomes the proboscis 
pore, and the cavity that of the proboscis, 
in the adult. Comparison with echino- 
derm larvae shows that the anterior 
coelom occupies the preoral lobe there too, 
and that the pore which connects with it 
is the hydropore, the opening for the 
water vascular system. In the embryo of 
Amphioxus there are two head-cavities; 
after they have separated from the orig- 
inal pouch that gave rise to them, the right 
cavity becomes larger and more anterior, 
while the left acquires an opening which 
comes to lie within the vestibule, and its 
inner end is between the roof of the ves- 
tibule and the notochord. This left head- 
cavity (Fig. 3a) is Hatschek’s pit. It 
would seem, on the one hand, that it cor- 
responds morphologically to the proboscis 
pore and the hydropore; on the other 
hand, it is widely and no doubt correctly 
considered homologous with the verte- 


brate hypophysis, but it does not persist 
in the adult. 

In the larval Amphiozrus, larval tunicate 
(Fig. 3b), and embryonic vertebrate, we 
find a structure for which no homologue 
is likely to appear in any echinoderm, the 
anterior neuropore. This is the opening 
to the neural canal, left temporarily as the 
neural folds close. In Amphiorus it con- 
nects with the so-called olfactory pit, but 
is presently closed. In tunicates the 
neural tube likewise opens anteriorly for 
a short time, and then the canal, becoming 
severed, forms a glandular pit which sub- 
sequently lies under and in front of the 
dorsal ganglion or “brain.” The _ topo- 
graphic relationships of this “neural 
gland” to the mouth seem, superficially, 
to be the same as those of the vertebrate 
hypophysis, but a careful review of its 
development shows that this is because 
the mouth in the embryo opens far enough 
dorsad to overlap the neuropore. The 
opening of the neuropore in the tunicate, 
corresponding to the olfactory pit in Am- 
phioxus, thus becomes the anlage of the 
neural gland, but the tunicate has nothing 
equivalent to the hypophysis or Hat- 
schek’s pit. The dorsal position of the 
mouth is, of course, related to the manner 
and place of fixation of the larval tunicate. 
It follows that the adhesive organ cannot 
correspond to the preoral lobe or fixation 
pit of hemichordates and echinoderms; if 
it did, it should lie between the mouth and 
neural plate. Fixation in tunicates there- 
fore seems to be secondary and not re- 
lated to that in echinoderms. 

In certain respects Amphiorus seems 
to be more primitive than the tunicates: 
the presence and persistence of the noto- 
chord, segmental muscles, and neural 
tube; retention of the head-cavity; longi- 
tudinal position of the pharynx; and possi- 
bly the solenocytic type of nephridia. (It 
is at least possible that these nephridia 
were passed down from a pre-cystoid in- 
vertebrate, yet have not survived in mod- 
ern echinoderms nor in any chordate but 
Amphiozus.) 

The question of the atrium is complex, 
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Fic. 3. Above. Young larva of Amphiorus. After Hatschek. Below. Larva of Ascidia. After 
Kowalewsky. atr., atrial invagination; c.s.g., club-shaped gland; c.s.g.exr., external opening of 
club-shaped gland; en., endostyle; g.s.1, first gill slit; int., intestine; l.h.c., left head cavity (Hats- 
chek’s pit); m., mouth; noto., notochord; np., neuropore; n.t., neural tube; ph., pharynx; 7.h.c., 


right head cavity. 


because in protochordates two different 
atrial structures are present. In Amphi- 
oxus the atrium is formed by a thin wall 
growing forward in the early larva until 
it has enclosed the outer gill openings in 
a chamber, leaving a posterior pore for 
emission of water. Nothing quite like this 
occurs in vertebrates, and we find a totally 
different method of development of the 
atrium in tunicates. Here two dorsal pits 
sink in from the surface, spread between 
the sides of the pharynx and the body 
wall, become confluent, and finally use 
only one of the openings. There is added, 
however, a dorsal groove involving the 
anus, in the completed atrium. That the 
two dorsal invaginations have a phylo- 


genetic meaning is shown by their virtual 
identity with the two collar pores of Hemi- 
chorda, which form pouches serving as 
atria for the most anterior gill slits. The 
remainder of the gill slits, in Enterop- 
neusta, open into a dorsal groove; this 
suggests the corresponding part of the 
atrium of tunicates. 

We have already referred to the rela- 
tionship between the anterior coelom and 
the hydropore (proboscis pore), and it 
may be added that in primitive echino- 
derms a right and left hydrocoel are be- 
lieved to have developed just behind this 
pore (Fig. 4). Only the left hydrocoel be- 
comes functional in radial echinoderms, 
and it produces the well-known system of 
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Fic. 4. Hypothetical dipleurula larva. Modi- 
fied from MacBride. a., anus; a.c., anterior 
coelom; l.hy., left hydrocoel; l.pe., left pos- 
terior coelom; m., mouth; m.p., hydropore; 
r.hy., right hydrocoel; r.pe., right posterior 
coelom. 


water canals associated with the ambu- 
lacra. Its anterior end connects with the 
hydropore, which serves as the entrance 
for water. Now, if a separation of the an- 
terior coelom to form a proboscis cavity 
left the hydrocoels opening externally, 
which they might have done anyway, and 
if we add that their relationships to am- 
bulacral pores are fundamentally the same 
as the relationships of collar pores to 
branchial pores, we see that the atria may 
be a heritage from primitive echinoderms. 

It is apparent that in one or two respects 
the tunicates (taking a generalized as- 
cidian for example) retain primitive fea- 
tures that Amphiorus has lost. One may 
infer that Amphioxus shows the majority 
of the characters of the common stock 
from which it and the tunicates arose, 
while the latter show relatively few, as a 
result of their secondary adaptation to a 
sessile, colonial, and finally pelagic habit. 


This common stock must have been pedo- 
morphic, as suggested by Gregory (1946) 
and other authors, in the sense that it 
did not go far enough in development to 
become fish-like or form an armor of scales 
or plates. It was, however, active, swim- 
ming, and possessed of certain parts re- 
lated to the vertebrate tail and body axis; 
the latter were achieved by reworking in 
a posterodorsal direction the material of 
the preoral lobe, excepting only the an- 
terior coelom and hydropore. 
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Life Histories and Systematics of 


Parasitic Worms 


YSTEMATIC zoology is concerned with 

the evolutionary history of animal 
groups; with the evaluation and interpre- 
tation of the status of taxonomic units. 
Classification is essentially a graphic 
method of portraying genetic interrela- 
tions of members belonging to the several 
categories: species, genera, and suprage- 
neric assemblages. These groups cannot 
be considered as static; even the species 
is merely a concept of the present status 
of a constantly changing, dynamic popu- 
lation of closely related individuals. Con- 
sequently, systematic zoology is an exceed- 
ingly difficult and controversial subject, as 
different investigators, using incomplete 
and often fragmentary data, attempt to 
decipher the course and modes of evolu- 
tion. With the acceptance of the idea of 
descent with modification, phylogeny 
came to occupy an important place in the 
thinking of naturalists; it was then largely 
abandoned as a profitless if not hopeless 
subject, but new techniques and discov- 
eries have revived interest and the aware- 
ness that systematics constitutes an inte- 
gral and essential part of any comprehen- 
sive study of living organisms. Many cri- 
teria may be employed to determine the 
former history and systematie position of 
any group of animals. The methods and 
data of various biological disciplines— 
comparative anatomy, embryology, cy- 
tology, genetics, physiology, biochemistry, 
geographical distribution, and _ paleon- 
tology—have contributed to the study of 
systematics. But the methods of value in 
dealing with free-living individuals and 
groups are often inadequate and some- 
times misleading when applied to animal 
parasites. 

According to Swellengrebel (1940), a 
parasite is “an organism wholly depend- 
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ent on another living organism for its 
food, its shelter and its reproduction.” 
The term “parasite” does not refer to a 
particular group of animals; it does not 
have any systematic connotation; rather 
it refers to a way of life. Members of many 
taxonomic groups have adopted this mode 
of life and, indeed, it is probably as old 
and as universal as animal associations 
themselves. Parasites have been derived 
from free-living progenitors and parasit- 
ism involves a gradual and progressive 
adaptation to a dependent condition on the 
part of the parasite. To be successful in 
the new venture, the organisms must 
have been preadapted for existence in the 
new environment and the preadaptation 
was either physiological or morphological 
or perhaps both. In the first instance, 
parasitism may have been accidental or 
incidental to the situation, and probably 
resulted from attempts to obtain either 
security or food. It was continued and de- 
veloped by natural selection, since it bene- 
fitted the organism and had survival value 
in the struggle for existence. The para- 
site has found not only protection, but a 
constant and abundant food supply, which 
results in increased reproductive capacity 
and consequently in the perpetuation and 
dispersal of the species. 

Parasitic forms have undergone adap- 
tive specialization for their particular 
mode of existence, and this adaptation has 
led to changes from the original physio- 
logical and morphological features. Both 
convergence and divergence have been ac- 
centuated in parasitic groups. With physi- 
ological adjustment to changed conditions 
of the new environment, organs which 
functioned most actively in a free-living 
condition undergo reduction and may en- 
tirely disappeared. The sensory, nervous, 
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and locomotor structures regress, and the 
digestive tract may be lost in the adult 
stages of species which have free-living 
larvae, or completely lost as in the 
cestodes and acanthocephalans. These 
changes are often designated as degener- 
ative, and in a sense that is true, but for 
the parasite they are favorable adapta- 
tions. Former structures may be trans- 
formed and new organs, especially those 
which function for penetration or attach- 
ment, have been developed. Different 
groups have each evolved their own 
specialized adaptive physiological, struc- 
tural, and reproductive features. Living 
under relatively constant, uniform con- 
ditions, representatives of different taxo- 
nomic groups often acquire a superficial 
resemblance that may mislead even care- 
ful and experienced investigators. This 
tendency for animals of diverse ancestry 
to converge toward a common morpho- 
logical type is prevalent among parasitic 
forms. 

The adaptations to parasitism accen- 
tuate the likenesses and only by the study 
of life histories and free-living larval 
stages has it been possible to trace the 
ancestry, evolution, and taxonomic posi- 
tion of highly modified types (Stunkard, 
1937, 1940). Many endoparasites have 
complicated life cycles, involving two or 
more hosts which harbor different but 
successive stages in the life cycle. As a 
result of the isolation imposed by host- 
specificity, often supplemented by her- 
maphroditism, self-fertilization, partheno- 
genesis, and intercalated asexual genera- 
tions, parasites develop divergent strains, 
adapted to particular host-species. These 
physiologically distinct races or strains 
may or may not manifest structural dif- 
ferences, and their taxonomic status is 
problematical. The well-known ascarids 
of pig and man are morphologically indis- 
tinguishable but cross-infection experi- 
ments have shown that the parasites from 
one host do not develop normally in the 
other, and many authors regard them as 
varieties or subspecies. The differences 
are physiological, i.e., biochemical, but 


whether such differences are to be re- 
garded as varietal or subspecific is a mat- 
ter of opinion. Another problem arises 
concerning the effects on a single species 
of development in different hosts. Many 
species have little host-specificity and 
may complete their life cycles in widely 
divergent hosts, e.g., in both birds and 
mammals. Rausch (1947) reported the 
recovery of sexually mature specimens of 
the trematode Microphallus opacus, which 
had been originally described from fish, 
after feeding the metacercariae to a tur- 
tle, snake, opossum, and racoon. In dif- 
ferent hosts, sexually mature individuals 
of the same species may manifest striking 
morphological differences. If metacer- 
cariae of the common liver fluke, Fasciola 
hepatica, are fed to a guinea pig, a rabbit, 
and a cow, the resulting adults present 
differences greater than those ordinarily 
accepted to distinguish between species. 

Since the adaptations to parasitism 
result in both convergent and divergent 
tendencies, through which the original 
morphological features are progressively 
modified, transformed, or completely oblit- 
erated, the systematist must look for other 
criteria when dealing with highly special- 
ized parasitic forms. Paleontological data 
are too few and fragmentary to use in re- 
constructing the past history of a group, 
because parasitic worms are rarely pre- 
served as fossils. Geographical distribu- 
tion has limited but questionable value, 
since there are various means by which 
parasitic forms may be spread from one 
area to another. In the dearth or absence 
of other reliable information, or to aid in 
the interpretation of such data, study of 
the life history, of developmental stages, 
and their comparison with free-living rela- 
tives, provide the best evidence for deter- 
mining the systematic position of animal 
parasites. 

The life histories of these parasites con- 
stitute one of the most intricate and inter- 
esting subjects in the entire field of biol- 
ogy. The worms produce eggs or larvae 
which leave the host and provide for dis- 
persal of the species. Reproduction in the 
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definitive host is sexual, accompanied by 
asexual reproduction in the cestodes, or 
followed by repeated asexual generations 
in the intermediate host, as witnessed es- 
pecially in the digenetic trematodes. The 
dispersive stages, which infect new hosts, 
are frequently quite unlike their parental 
generation, but often afford valuable phy- 
logenetic information. In certain in- 
stances, the larvae may give rise to a free- 
living generation; in others, they attack 
members of the original host species; but 
in the majority of cases, they actively or 
passively enter the bodies of other animals 
which serve as intermediate hosts. 

Since parasitic species have descended 
from free-living progenitors, the present 
complicated life histories of specialized 
parasites cannot be original or primitive; 
they must have been developed concomi- 
tantly with the parasitic habit. In the 
long period of evolutionary history, there 
have been innumerable changes in the 
relations between hosts and parasites. 
Some former hosts have become extinct 
and many of their parasites undoubtedly 
perished with them, but some of their 
parasites may have transferred to the ani- 
mals which replaced the dying types. The 
descendants of other hosts have dispersed 
into new habitats and given rise to diverse 
evolutionary lines. But these migrants 
carried their parasites with them and the 
parallel evolution of hosts and parasites 
is a striking example of biological evolu- 
tion. In the changed environmental con- 
ditions, some of the parasites, modified in 
form and life history, acquired new hosts. 
In many instances, the hosts served as 
food for other animals and their parasites 
were able to establish themselves in the 
predator, which then served as a new 
host. Larval stages of the parasites would 
naturally return to the original host, to 
which they were adapted by a long, pre- 
vious association. Such a history has led 
to alternation of hosts and the interpola- 
tion of new hosts, to metamorphosis and 
to metagenesis. In species with direct 
life cycles, it is possible to trace systematic 
relations with much assurance; free-living 


larval stages indicate the course of past 
history and the manner by which the par- 
asitic habit has been developed. But in 
many life histories there are strong indi- 
cations of pedogenesis, additions of new 
stages and new hosts, omissions of 
stages, and abbreviation of the develop- 
mental cycle. In these instances, unfor- 
tunately, the number of known life his- 
tories is too small and the details of devel- 
opment too imperfectly known to permit 
final conclusions. Present evidence indi- 
cates that all members of a natural family 
follow a similar course of development 
and that types of life cycle are closely 
correlated with phylogenetic and syste- 
matic relations of the worms (Stunkard, 
1934, 1944). 

Although there are smaller taxonomic 
units, acanthocephalans, gordiids, and 
others of uncertain systematic position, 
and a few annelids that are parasitic, the 
chief contingents of parasitic worms are 
found among the platyhelminths and the 
nematodes. Accordingly, our discussion 
will be devoted to a consideration of these 
two groups. 


Platyhelminthes 


This phylum includes the acoelomate 
Amera; the Turbellaria, Trematoda, Ces- 
toidea, and Mesozoa. These worms lack 
skeletal, circulatory, and respiratory sys- 
tems. In the simpler forms cleavage is 
spiral and determinative, but in the para- 
sitic species each egg contains yolk cells 
in addition to the ovum, and cleavage is 
unequal and irregular. Members of the 
phylum show a remarkable propensity to- 
ward parasitism. The turbellarians are 
primarily free-living although certain of 
these worms invade the digestive tracts, 
excretory organs, gonads, and body cavi- 
ties of mollusks, echinoderms and other 
invertebrates. In fact, most of the flat- 
worms are parasitic, and all of the classes 
other than the Turbellaria are composed 
entirely of obligate parasites. The past 
twenty-five years has witnessed the elu- 
cidation of life histories in a considerable 
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number of trematode and cestode species 
and this information permits a clearer 
concept of the systematics of these classes. 

The monogenetic trematodes are typi- 
cally ectoparasites of aquatic vertebrates; 
many species occur on the skin and gills 
of fishes and tadpoles, others in the naso- 
pharyngeal cavities, and in the urinary 
bladders and ureters of fishes, frogs, and 
turtles (Sproston, 1946). Certain repre- 
sentatives, species of Gyrodactylus, are 
viviparous and the young worm before 
emergence may contain a daughter in 
which there is a daughter, and in that one 
a larva of a fourth generation. This pre- 
cocious reproductive activity has been in- 
terpreted as polyembryony by certain 
authors and as pedogenesis by others. It 
is obviously an aberrant type of life his- 
tory, since oviposition is almost universal 
in the group. The eggs of monogenetic 
trematodes often have bizarre shapes with 
filaments or hooks, and contain large 
amounts of yolk. Development may be 
slow, especially at low temperatures. The 
larvae usually bear ocelli, three incom- 
plete bands of cilia, and a posterior haptor 
provided with larval hooklets. Certain 
larvae, e.g., species of Sphyranura, are 
devoid of cilia, whereas others, those of 
Diplozoon, are uniformly ciliated. This 
latter form presents an unusual life his- 
tory, in which two larvae become perman- 
ently fused in the manner of Siamese 
twins. Endoparasitism may involve an in- 
cipient digenetic life cycle in the poly- 
stomes of Rana in Europe and of Hyla in 
America. One generation lives in the uri- 
nary bladder and attains sexual maturity 
concomitantly with its amphibian host. 
Both host and parasite deposit eggs at 
the same time and their larvae emerge si- 
multaneously. If the larva of the parasite 
attaches to the external gills of a young 
tadpole, it matures quickly and produces 
eggs in three to four weeks. Larvae from 
the “gill generation” are indistinguishable 
from those produced by the “bladder gen- 
eration,” and either kind, if they attach 
to the gills of older tadpoles, mature only 
in the urinary bladder of an adult amphib- 


ian. A striking anomaly is presented by 
these polystomes, since the “gill genera- 
tion” is morphologically very different 
from the one in the urinary bladder and 
closely resembles members of another 
genus which occurs in the mouths and 
urinary bladders of turtles. Although the 
cited instances show that there is much 
diversity in the life histories of the Mon- 
ogenea, information is yet too scanty to 
attempt a definite correlation with syste- 
matics. 

Certain authors recognize a third order, 
the Aspidobothrea, cognate with the Mon- 
ogenea and Digenea. It contains a single 
family and nine recognized genera. Al- 
though monogenetic, members of two 
genera, Lophotaspis and_ Stichocotyle, 
have alternation of hosts. The larval 
stages are typically parasites of mollusks, 
and certain species of Aspidogaster and 
Cotylaspis may mature in both mollusks 
and in fishes and turtles that feed on these 
mollusks. In the genus Stichocotyle en- 
cysted larvae occur on the intestinal wall 
of lobsters, and adults in the intestinal 
tract of rays and skates. Whether lobsters 
are merely transport hosts and the larvae 
are ingested with mollusks is unknown. 
The worms are so similar to the rediae of 
certain digenetic trematodes that Leuck- 
art (1879) believed them to be modified, 
perhaps primitive, pedogenetic forms, re- 
lated to the Digenea. If a redia were to 
develop a posteroventral adhesive organ 
and become sexually mature, it would 
almost certainly be included in the family 
Aspidogastridae. The morphology of the 
aspidogastrids and their use of mollusks as 
first hosts indicate affinities with the Di- 
genea, although as stated by Stunkard 
(1946), “present information is insufficient 
to determine whether their life-cycles are 
primitive or secondarily modified.” 

The Digenea comprise a vast array of 
families, genera, and species. Adult stages 
infect all groups of vertebrates and no 
organ or tissue is immune. There is an 
alternation of the sexual generation in a 
vertebrate with asexual generations in an 
invertebrate, the first intermediate host. 
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The latter, with only two known excep- 
tions, is a mollusk. Typically there are 
five successive stages in the life cycle. 
The sexual worms produce eggs from each 
of which there emerges a ciliated, planula- 
like larva, the miracidium. The eggs may 
hatch in water or only after ingestion by 
a suitable mollusk. The miracidium pene- 
trates the tissues of the mollusk, loses its 
cilia, and transforms into a_ sporocyst. 
Germinal cells in the body of the mira- 
cidium develop a _ second generation, 
either daughter sporocysts or rediae, in 
which again germinal cells produce a 
third generation, the cercariae. The cer- 
cariae emerge from the molluscan host 
and, by different methods in different 
groups, return again to the definitive host. 
They may encyst on vegetation, may pen- 
etrate into and encyst in a second interme- 
diate host (which may be either an inver- 
tebrate or a vertebrate) which is eaten by 
the final host, or they may bore into the 
final host, where they mature in the vas- 
cular system. Variations from this typi- 
cal pattern are common. A redia develops 
within the miracidium of Parorchis, Sti- 
chorchis, and Typhlocoelum, omitting the 
sporocyst stage. In other groups the re- 
dial stage may be omitted. The cercariae 
may emerge in an immature condition, 
encyst in an intermediate host and con- 
tinue their development, as metacercariae, 
to a condition that is infective for the final 
host. In certain strigeid species the cer- 
cariae develop as mesocercariae in a sec- 
ond intermediate host, are ingested by a 
third host where they complete the meta- 
cercarial development, and finally mature 
in a fourth host species. In the past 
twenty-five years, particularly, many life 
histories have been worked out, and in 
most of the families or larger groups, the 
development is known for one or more 
species. Information concerning develop- 
mental cycles has supplemented knowl- 
edge of the morphology of adult and lar- 
val stages, permitting integration and in- 
terpretation of these data, and the formu- 
lation of a better taxonomic concept. 
Various systematic arrangements have 


been proposed for the larval and for the 
adult stages of these trematodes. Lihe 
(1909) classified cercariae on morpholog- 
ical features, the absence or presence and 
location of suckers, presence or absence of 
stylets, form of the tail, and other struc- 
tures. Lebour (1912) considered develop- 
mental features to be of prime impor- 
tance and distinguished between cercariae 
which were produced in sporocysts and 
those which developed in rediae. Other 
arrangements have been proposed by sub- 
sequent authors, based on homologies in 
the excretory system and on other charac- 
ters, but no entirely satisfactory scheme 
has appeared. For the adult stages some 
sixty to seventy families have been 
erected, but allocation of many genera is 
still doubtful. Indeed, there is much dis- 
agreement concerning familial arrange- 
ment. The really significant advances 
have resulted from studies in which life 
histories and development have been em- 
ployed to correlate adult and larval stages. 
La Rue (1926) stated, “. . . the only safe 
criteria of relationships must be sought in 
the method of development and compara- 
tive anatomy of the various developmental 
stages. The value of comparative embry- 
ology in determining relationship has been 
so amply and frequently demonstrated in 
connection with other groups of animals 
that I deem it unnecessary to present 
specific illustrations.” Accordingly, he 
erected the order Strigeatoidea to contain 
the strigeids, schistosomes, and bucepha- 
lids. Subsequent investigations have in- 
dicated that members of other families, 
the Clinostomatidae, Brachylaemidae, ani 
possibly the Azygiidae, may belong to this 
stem of the Digenea. Other major groups 
may be recognized, although their limits 
and composition. are yet uncertain. The 
studies of Stunkard (1930) on Cryptoco- 
tyle and of Vogel (1934) on Opisthorchis 
demonstrated the close relationship be- 
tween the Heterophyidae and the Opisth- 
orchiidae and the pleurolophocercous cer- 
cariae. After a series of brilliant re- 
searches on the morphology and life his- 
tories of members of different families, 
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Szidat (1939) agreed with La Rue in re- 
cognizing the paramount importance of 
life-history studies for taxonomic deter- 
mination. He stated (p. 247), “Ich zégere 
nicht, hier zu behaupten, dass in Zweifels- 
fallen die Tatsachen der Ontogenie in 
meinen Augen eine weit  starkere 
Sprache sprechen als irgendwelche Ahn- 
lichkeiten der Morphologie, die sich schon 
recht oft, besonders bei parasitaren Organ- 
ismen, als blosse Konvergenzen erwiesen 
haben.” In this paper he predicated ge- 
netic relationships between the amphisto- 
mes, microscaphids, mesometrids, prono- 
cephalids, ogmocotylids, and opisthotre- 
matids. These groups were included in 
the suborder Paramphistomata Szidat, 
1936. Furthermore, he erected a suborder, 
Echinostomata, with the echinostomes as 
the central stem from which were derived 
the families, Cathuemasidae, Rhopaliadi- 
dae, Psilostomidae, Philophthalmidae, and 
Fasciolidae. In these groups, and also in 
the suborder Schistosomata La Rue, he re- 
versed the tendency to erect families for 
genera or groups of genera that show only 
minor differences; many previously ac- 
cepted families were reduced to subfamily 
status and incorporated into families with 
wider limits. Tracing correlation between 
paleontological records of their hosts and 
taxonomy of the main stems of the Di- 
genea, he argued that the digenetic trema- 
todes are a very old group and that hosts 
and parasites have had parallel evolution- 
ary histories. While admitting the impor- 
tance of host-parasite relations, Baylis 
(1938) cautioned against placing too great 
dependence on this method of tracing evo- 
lution and concluded, “From a survey of 
a large number of the better-known 
genera in the four main groups of hel- 
minths, the writer is convinced that the 
habits (particularly as regards food) and 
environment of the hosts have played a 
far more important part in determining 
their helminth fauna than have their phy- 
logenetic relations.” 

The Cestoidea contains two groups, the 
Cestodaria and the Cestoda. The Cesto- 
daria comprise only two families, the 


Gyrocotylidae and the Amphilinidae. 
Adults of the two families are morphologi- 
cally dissimilar from each other and from 
those of the Cestoda. The gyrocotylids are 
known only from the intestine of chi- 
maerid fishes, an archaic group which in- 
habits polar seas and the depths of the 
ocean; the amphilinids occur in the body 
cavities of ganoid fishes, another ancient 
group now largely extinct, and their pres- 
ence in other fresh-water hosts may be 
merely accidental. Relationship between 
the gyrocotylids and amphilinids is dem- 
onstrated by larval homologies; in both 
groups the larva is a lycophora, a ciliated 
organism provided with glandular cells 
which open at the anterior end and with 
ten powerful posterior hooks. In the only 
known life history, that of Amphilina foli- 
acea, the eggs are ingested by amphipods, 
the larvae emerge and enter the haemo- 
coele where they develop to a stage infec- 
tive for the final host. The life history and 
morphology of the amphilinids strongly 
suggest that the present sexually mature 
forms are neotenic larvae which corres- 
pond to the plerocercoids of the pseudo- 
phyllidean cestodes. The idea has been 
advanced that extinct Mesozoic reptiles 
were formerly the definitive hosts. Eggs 
of Gyrocotyle develop and hatch in water, 
but further stages in the life cycle are 
unknown. Since the early development of 
the cestodes typically occurs in arthro- 
pods, it is probable that some marine crus- 
tacean is involved. All available evidence 
indicates that the cestodarians are relicts 
of an ancient group, probably from the 
early Mesozoic era. 

The Cestoda manifest the most conspic- 
uous adaptations to parasitism, both in 
morphology and in life history. They have 
developed a bizarre series of holdfast or- 
gans and have lost all traces of a digestive 
system. They are so modified in develop- 
ment that there is some question as to 
whether the cestode is an individual or a 
strobilate colony. They are almost cer- 


tainly monophyletic, but their origin and 
evolution is obscure. They are parasites 
of the digestive tract of vertebrates, and 
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arthropods typically serve as the first in- 
termediate hosts. The first larval stages 
which is produced in the egg, is the oncho- 
sphere, provided with six hooklets and 
often called the hexacanth. The universal 
use of arthropods as first intermediate 
hosts by all primitive forms and by many 
highly specialized ones can hardly be re- 
garded as fortuitous and strongly supports 
the idea that arthropods were the original 
hosts of the cestodes. Fuhrmann (1928) 
recognized five orders, Tetraphyllidea, 
Diphyllidea, Tetrarhynchidea, Pseudo- 
phyllidea, and Cyclophyllidea. Other 
orders have been proposed but their in- 
clusion does not seriously affect the phylo- 
genetic pattern. The tetraphyllids occur 
primarily in elasmobranch fishes although 
representatives are found also in both 
marine and fresh-water teleosts, am- 
phibians, and reptiles. Information con- 
cerning the life histories of species from 
marine hosts is very incomplete but there 
is evidence that two intermediate hosts, 
the first a crustacean and the second either 
an invertebrate or a vertebrate, are in- 
volved. Among the parasites of fresh-wa- 
ter hosts, the development of proteoceph- 
alid species follows the same sequence. In 
the crustacean the onchosphere develops 
to a procercoid; in the next host develop- 
ment proceeds to the plerocercoid stage, 
and sexual maturity is attained in the de- 
finitive host. Members of the Diphyllidea 
and Tetrarhynchidea are limited to elas- 
mobranch fishes and probably have simi- 
lar developmental cycles. They are clearly 
related to the Tetraphyllidea and, accord- 
ing to Fuhrmann, were probably derived 
from them. The Pseudophyllidea do not 
occur in selachian fishes; they infect ma- 
rine and fresh-water teleosts and terres- 
trial vertebrates. The scolices are less 
elaborate than those of the tetraphylli- 
deans, but the life history is similar, with 
two intermediate hosts. The Cyclophyl- 
lidea are primarily parasites of birds and 
mammals, and the life cycle has been ab- 
breviated. 

Baer (1951) noted that, “scolex struc- 
tures appear to indicate the presence of at 


least six distinct directions along which 
the parasites have developed. Each of 
these, moreover, corresponds to a charac- 
teristic arrangement of the reproductive 
organs and more especially of the vitelline 
glands, and also to definitive groups of 
hosts. In other words, it is possible to dis- 
tinguish several natural groups based on 
both morphological and _ physiological 
grounds.” Two distinct stems or branches 
may be recognized in the order Tetraphyl- 
lidea. In one, the scolex bears bothridia 
and the parasites occur only in the intes- 
tine of elasmobranch fishes; in the other, 
the scolex bears bothridia and acetabula 
or only acetabula and the worms infect 
elasmobranchs, marine and fresh-water 
teleosts, amphibians, and reptiles. It is 
generally believed that the Tetraphyllidea 
gave rise to both the pseudophyllidean 
and the cyclophyllidean or taenioid tape- 
worms. Attempts to homologize the struc- 
ture of the scolex may not be significant, 
since these organs are merely adaptive 
holdfasts. But by a progressive reduction 
and fusion of the adhesive organs, it 
would be possible to derive the bothria of 
the Pseudophyllidea from the bothridia of 
the Tetraphyllidea. A series of scolices 
could be arranged from those of elasmo- 
branch fishes, through those of Duthiersia 
and Bothridium (both parasites of Vara- 
nus, a living relative of the Cretaceous 
marine mosasaurs) to those of the pseudo- 
phyllidean parasites of birds and mam- 
mals. 

Development and life histories appear 
to provide more substantial information 
for systematics than structure of the sco- 
lex. In the tetraphyllidean-pseudophylli- 
dean branch the development of the lar- 
vae in the eggs may be deferred until 
after deposition, the shells may become 
thick and operculate in the parasites of 
fresh-water hosts, and the embryophore 
may develop cilia, so that a free-swim- 
ming coracidium emerges. Indeed, it is 
significant that a coracidium develops in 
the eggs of the Tetrarhynchidea. Two in- 
termediate hosts are retained in the life 
cycle, the first a crustacean. In the tetra- 
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phyllidean-cyclophyllidean branch, the 
onchosphere always develops while the 
eggs are in the uterus and the eggs are 
thin-shelled. Members of this group have 
attained their greatest development in 
fresh-water and terrestrial vertebrates. 
In the Cyclophyllidea only one intermedi- 
ate host is involved, the procercoid and 
pleurocercoid stages have been replaced 
by either a cysticercoid or cysticercus 
stage. If the intermediate host is an inver- 
tebrate, usually an arthropod, the larva is 
a cysticercoid; if a vertebrate serves as the 
intermediate host the larva is a cysticer- 
cus. In species of Hymenolepis and Cylin- 
drotaenia, an insect host may be employed, 
or the corresponding developmental stage 
may occur in the intestinal wall of the 
vertebrate host and the intermediate host 
can be omitted. It is apparent that the 
abbreviation of the life history in taenioid 
tapeworms is an adaptation to terrestrial 
life. Among certain members of the Pseu- 
dophyllidea a subdivision of the proglot- 
tids, and in specialized groups of both the 
Pseudophyllidea and Cyclophyllidea dup- 
lication of the genital organs, provide in- 
creased reproductive capacity. These fea- 
tures, also, appear to be recent adaptive 
modifications. 

Their extensive adaptations to parasit- 
ism and their dispersal in all classes of 
vertebrates bear witness to the great age 
of the cestodes, and information concern- 
ing life histories, although scanty, pro- 
vides an important criterion for system- 
atic determination. 


Nematoda 


The nematodes constitute an isolated 
branch of the animal kingdom. Regarded 
as a phylum by certain authors and as a 
class in the pseudocoelomate Amera by 
others, these worms are very numerous 
and occur in the most varied habitats. 
They abound in the soil, in fresh and salt 
water, and infect both plants and animals. 
In number of species they are probably 
second only to the arthropods. The free- 
living species are minute, most of them 


too small to be observed by the unaided 
eye, while most parasitic forms are larger 
and some of them attain enormous size. 
The integration of the free-living and par- 
asitic species into a comprehensive system 
has been accomplished only in the last 
twenty-five years and the first adequate 
phylogenetic arrangement was that of 
Chitwood and Chitwood (1933) and Chit- 
wood (1933, 1937). According to Chit- 
wood, the nematodes were arranged into 
two subclasses: the Phasmidia with 
Rhabditis as the central form and the 
Aphasmidia with Plectus as the central 
form. The diagnostic features of the two 
subclasses were stated by Chitwood 
(1933). 

The names were derived from the pres- 
ence or absence of phasmids, paired sen- 
sory organs on postanal papillae, although 
other characters also were employed to 
distinguish between the groups. It ap- 
pears that members of the Phasmidea 
were originally inhabitants of the soil, 
whereas the primitive Aphasmidia were 
aquatic, either fresh-water or marine. 
Among the Phasmidia, different groups 
have from time to time become parasitic 
in plants or animals and, indeed, the great 
majority of parasitic species belong to this 
subclass (or class if the Nematoda are re- 
garded as a phylum). 

Concerning life histories, the nematodes 
are primarily bisexual, and the female is 
oviparous or viviparous. Cleavage of the 
eggs is determinative and bilateral; the 
worms show “cell constancy.” The larva 
which hatches from the egg is similar to 
the adult, except for size and reproductive 
organs, and typically undergoes four 
molts, with five developmental stages, the 
last of which is the sexually mature form. 
Most of the nematodes are free-living, but 
parasitism has developed in several free- 
living groups. Chitwood (1950) observed 
that in parasitic nematodes the type of 
life history is entirely correlated with the 
degree of parasitism; with more advanced 
parasitism, there are more complicated 
life cycles and more morphologic changes 
during the course of development. The 
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less specialized monoxenous species pass 
their early larval stages in the soil, feeding 
on organic matter; among zooparasitic 
species typically the third larval stage 
(usually ensheathed in the cuticula of the 
previous molt) is the infective stage 
which enters the host and develops to sex- 
ual maturity. The heteroxenous species, 
which in the adult stage are exclusively 
parasites of vertebrates, manifest much 
morphological diversity and must utilize 
one or even two intermediate hosts before 
arriving at their final destination. Certain 
species may pass through a series of para- 
tenic or transfer hosts, the larvae re-en- 
cysting when introduced into an unsuit- 
able host or location. In general, the 
nematode parasites of invertebrates are 
distinct from those of vertebrates. 
Chitwood divided the Phasmidia into 
two orders, the Rhabditida and the Spiru- 
rida. In the Rhabditida he recognized 
three suborders, Rhabditina, Strongylina, 
and Ascaridina. The Rhabditina illustrate 
beautifully the evolution of parasitism in 
the Nematoda. Most of the species are 
free-living in the soil; some are sapro- 
phagous; many pass the larval or adult 
stages as parasites in various inverte- 
brates, chiefly annelids, arthropods, and 
mollusks; some are accidental or faculta- 
tive parasites of vertebrates; and two 
families, the Rhabdiasidae and Strongy- 
loididae, contain species which are obli- 
gate parasites of vertebrates. Members of 
the Rhabdiasidae are found in the lungs 
of amphibians and reptiles, members of 
the Strongyloididae in the gut of verte- 
brates other than fishes; but in both 
groups there is an alternation of free-liv- 
ing and parasitic generations. Larvae of 
the parasitic generation penetrate the 
skin or mucous membranes and migrate 
to the lungs; only the strongyloids pass on 
to the intestine. In the Rhabditina, Chit- 
wood included the Tylenchoidea, which 
are parasitic in plants and insects. These 
worms are provided with hollow buccal 
stylets, primarily employed for the pene- 
tration of plant tissues, and with pha- 
rynges used to suck plant juices. The re- 


maining members of the Tylenchoidea, 
parasitic in insects, have styletiform sto- 
mata; the insects may have acquired their 
tylenchid parasites by feeding on infected 
plants. Thorne (1949) argued that the 
tylenchids are only remotely related to 
the rhabditid nematodes and for them he 
proposed a new order, the Tylenchida, an 
arrangement which was accepted by 
Dougherty (1951), but has not been ap- 
proved by other investigators. 

The Strongylina, discussed at length by 
Dougherty (1951) comprise several fami- 
lies whose members are parasites in the 
respiratory and digestive tracts of terres- 
trial vertebrates. Most of the species are 
monoxenous; the eggs are thin-shelled 
and hatch either in the open or after in- 
gestion. However, one family, the Meta- 
strongylidae, contains heteroxenous spe- 
cies. In this family the eggs are thick- 
shelled, and invertebrates (earthworms 
and gastropods) serve as intermediate 
hosts. The early larval stages of the more 
primitive strongyles recall those of rhab- 
ditoid species, and the infective larvae 
occur in the soil or on vegetation. Typi- 
cally, they enter their hosts through the 
skin and migrate parenterally, by way 
of the circulatory system. Other larvae, 
which are ingested either in the eggs or 
after hatching, travel different courses to 
arrive at their destinations. They may in- 
vade the intestinal wall and return to the 
lumen after a developmental period, they 
may enter the vascular system and be 
transported to the lungs or other loca- 
tions, or they may enter the coelomic cav- 
ity, from which they burrow into the in- 
testine or other organs. The larvae of 
certain monoxenous species, if accident- 
ally ingested by invertebrates (earth- 
worms, snails, slugs, insect larvae, or cen- 
tipedes) bore out of the intestine and are 
encapsulated by host tissues. In this pro- 
tected condition they may live for months 
or years, thus prolonging the survival pe- 
riod and the probability of arrival in the 
final host. When the transport host is 
eaten, the larvae are freed in the intes- 
tine and complete their development in 
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the usual manner. Indeed, some synga- 
mid species are adopting this method and 
develop more readily after an encysted 
stage in an invertebrate. Such a diversion 
illustrates the manner in which an inter- 
mediate host may be introduced into the 
life cycle and probably explains the origin 
of the two-host life cycles of the meta- 
strongyles. Since a variety of different 
invertebrates may serve as intermediate 
hosts, it appears that the acquisition of 
the intermediate host is secondary. Baer 
(1951) stated, “It is clear that in the 
strongylines, the habit of living in the 
lungs is a secondary acquisition and that 
these forms have derived from forms liv- 
ing originally in the gut. Moreover, four 
different groups of lungworms appear to 
have arisen independently. Curiously 
enough, these four groups correspond to 
four distinct families as recognized by 
taxonomists.” 

In the scheme of Chitwood, the Ascari- 
dina contains two superfamilies, Oxyuroi- 
dea and Ascaroidea. The oxyurids retain 
primitive morphological features and are 
monoxenous. They were probably origi- 
nally parasitic in arthropods, although 
some species have become adapted to life 
in the intestine of vertebrates. Typically, 
these worms are Oviparous; the eggs are 
ingested and the larvae emerge in the in- 
testine; in vertebrate hosts they may bur- 
row into the mucous membrane although 
they return to the lumen of the gut. The 
ascarids are predominantly parasites in 
the intestine of vertebrates and may have 
two hosts. However, their life cycles as 
well as their morphology relate them defi- 
nitely to the oxyurids. In some apparently 
primitive forms the first hosts are arthro- 
pods, either crustaceans or insects, which 
are eaten by the final hosts. When the first 
hosts are aquatic, fishes or amphibians 
may serve as second intermediate hosts. 
In other instances the arthropod host is 
omitted; the eggs are ingested and hatch 
in the intestine of the vertebrate host; 
the larvae burrow into the mucosa where 
they undergo development before return- 
ing to the lumen of the intestine. This 


substitution of the intestinal wall of the 
vertebrate for the tissues of the inverte- 
brate, as a site for the developmental 
stages, is comparable to the situation in 
certain cestodes, namely, Hymenolepsis 
and Cylindrotaenia, where the larvae may 
develop either in an arthropod or in the 
intestinal wall of the definitive host. A 
further elaboration of the life cycle occurs 
when the larvae, burrowing in the mucosa, 
enter the vascular system and are carried 
to the lungs, emerge into the air-spaces, as- 
cend the trachea and eventually reach the 
intestine. The migratory habit is preva- 
lent in many groups of nematodes, and the 
omission of the invertebrate host with a 
resulting direct life cycle, has survival 
value for the species since it eliminates 
the hazard imposed by the necessity for 
development in an intermediate host. 
The spirurid nematodes, which in the 
adult stage are obligate parasites of verte- 
brates, always have one or more inter- 
mediate hosts, the first of which is an ar- 
thropod. They infect all classes of verte- 
brates, an indication that these hosts have 
acquired the parasites by eating infected 
arthropods. The spirurids vary in form 
from slender, elongate filarids to shorter, 
robust or even ovate types. They occupy 
the lumen or walls of the digestive tract 
or invade the tissues. Eggs of oviparous 
species are thick-shelled, and contain fully 
developed larvae which hatch only after 
ingestion by the intermediate host. Or- 
dinarily the infection of the final host is 
accomplished when the intermediate host 
is eaten, but accessory methods of trans- 
fer have been evolved. The gnathostomes 
require two intermediate hosts, a crusta- 
cean and a cold-blooded vertebrate (usu- 
ally a fish), and the adults are found in 
mammals. The ovoviviparous and vivipar- 
ous species are chiefly tissue parasites and 
the larvae pass into the vascular fluids, 
blood and lymph, and are transmitted by 
arthropods. It appears probable that the 
tissue-invading forms were derived from 
intestinal progenitors, and with the evo- 
lution of blood-sucking arthropods, the 
intestinal phase of the cycle was elimi- 
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nated. The spirurid nematodes are the 
most highly specialized group of the Phas- 
midia and probably have the longest his- 
tory of parasitism. I am inclined to the 
belief that these worms were originally 
parasites of arthropods and that the infec- 
tion of vertebrates is secondary. 

The Aphasmidia are primarily aquatic; 
they live in the soil, in both the sea and in 
fresh water, and only a small fraction of 
the group has become parasitic. All the 
parasitic species occur in the order Eno- 
plida, although the type suborder Eno- 
plina contains only free-living forms. One 
suborder, the Dorylaimina, contains both 
free-living and parasitic species; the para- 
sitic groups are the Mermithoidea and the 
Trichuroidea. The mermithids in the lar- 
val stages are parasites of arthropods, 
while the adults are free-living. The Tri- 
churoidea contains species which mani- 
fest great diversity in life history. With 
the exception of Cystoépsis and Trichinella 
they are oviparous; the eggs develop in 
the open and are swallowed by a new 
host. In different species the larvae may 
remain in the intestine or migrate by way 
of the vascular system to the location 
where they mature. Adults occur in dif- 
ferent parts of the digestive tract, in the 
respiratory organs, the liver, spleen, and 
urinary bladder. In Trichosomoides, para- 
sitic in the urinary bladder of rodents, the 
male lives as a parasite in the vagina of 
the female. In Cystodpsis the worms live 
in pairs under the skin of sturgeons. Eggs 
are retained in the female until both cyst 
and female rupture. They are eaten by 
crustaceans; the larvae hatch, penetrate 
the intestinal wall and are encapsulated. 
When ingested by young sturgeons, the 
liberated larvae migrate again and reach 
the skin. A further specialization occurs 
in Trichinella. The females live in the in- 
testine and are viviparous; the minute 
larvae enter the blood vessels, are distrib- 
uted over the body and localize in the 
striated muscles. Here they become en- 
capsulated, develop to the infective stage, 
and await ingestion by a suitable host. 

The data presented indicate clearly that 


parasitic lines have developed repeatedly, 
and at various times, in the several groups 
of nematodes; that present life cycles can 
be correlated with the degree of parasit- 
ism, with the extent of morphological 
change, and with the systematic arrange- 
ment of the worms. 


Summary 


From the foregoing account of life his- 
tories in the several groups of parasitic 
worms, it is apparent that developmental 
cycles have been evolved concomitantly 
with the parasitic habit, that they are 
bionomic adaptations to ecological condi- 
tions, and that modifications in the course 
of the life cycle were introduced accident- 
ally and have been perpetuated because 
they facilitated dispersal and had survival 
value for the species. These general prin- 
ciples are applicable to all parasitic 
worms. Since convergence and diver- 
gence have resulted in morphological 
changes of both larval and adult stages, 
life histories provide the most reliable in- 
formation concerning the past history and 
systematic relationships of these worms. 
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Fifty Years of Systematic Serology 


HE science of systematic serology is 

just over fifty years old, having been 
founded at Cambridge University by 
G. H. F. Nuttall and his associates in 
1901. That was an exciting year for 
Nuttall, because during that year the 
precipitin reaction, discovered four years 
earlier by Rudolf Kraus (1897), was found 
to be in general relatively rather than 
absolutely specific as the earlier workers 
had claimed. Although Nuttall’s contem- 
poraries were chiefly interested in the 
precipitin reaction as a means of identi- 
fying bloods, and his own first reports 
(Nuttall and Dinkelspiel, 1901la, b) dealt 
with the medico-legal aspects of precipitin 
testing, he was the first one to appreciate 
the great potential value of the precipitin 
reaction in relating bloods rather than in 
merely identifying them. This is clearly 
evident from his early reports from which 
we quote briefly. 

In the first two reports it is concluded 
that, ““We have in this test the most direct 
means hitherto discovered of detecting and 
differentiating bloods and consequently 
we may hope that it will be put to foren- 
sic use.” In the next report (Nuttall, 
1901c) many additional tests on 140 bloods 
are summarized and the conclusion is 
drawn that, “It seems certain that inter- 
esting results from the point of view of 
zoological classification will be brought 
to light.” In a later report for 1901, after 
some 230 bloods had been tested, the 
statement was made (Nuttall, 1901d): 
“The above experiments, which are being 
prosecuted on a large scale, the attempt 
being made to obtain a variety of antisera, 
indicate with certainty that we possess 
in this test a most valuable aid in the 
study of classification of animals.” Finally, 
in the spring of 1902 Nuttall described 
an improved technique for measuring the 
volumes of precipitate formed, gave the 
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results of some of these measurements 
which accorded well with the systematic 
positions of the species tested, and con- 
cluded with the remarkable statement: 
“T do not wish these numbers to be taken 
as final, nevertheless they show the es- 
sential correctness of the previous crude 
results. To obtain a constant it will be 
necessary to make repeated tests with the 
bloods of each species and with different 
antiserums of one kind, making the tests 
with different dilutions and different pro- 
portions of antiserum. I am inclined to 
believe that with care we shall perhaps be 
able to ‘measure species’ by this method, 
for it appears from the above results that 
there are measurable differences in the 
reactions obtained with related bloods, 
in other words, determinable degrees of 
blood relationship which we may be able 
to formulate.” 

A half century has thus elapsed since 
the founding of systematic serology and 
the last survivor of the original group of 
systematic serologists, the gracious and 
able Dr. E. S. Graham Smith died a little 
over two years ago (August 1950). What 
has been accomplished in these fifty years 
and of what importance is serology in 
systematics and in biology? Comparative 
anatomy has been in existence for so long 
that it is taken for granted, but compara- 
tive or systematic serology must still 
justify itself with deeds, not merely with 
words. So it is with every new science— 
and so it should be. We accept the chal- 
lenge to prove the value of systematic 
serology, and we will proceed along three 
lines: (1) we shall emphasize again the 
fundamental importance of systematics in 
biology; (2) we will briefly explain the 
need for data relating to the biochemical 
natures of the proteins and other antigens 
of animals to supplement the data of 
comparative anatomy and thus make it 
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possible to obtain a broader base upon 
which to erect our natural systems of 
classification; and (3) we will show that 
comparative serology has a unique con- 
tribution to offer to systematics in terms 
of relative amounts of serological and 
biochemical correspondence among anti- 
gens, which it can discover and measure. 


Comparative Serology 


Classification—the grouping of objects 
or concepts in accordance with their essen- 
tial natures—is one of the most important 
and significant activities of the human 
mind. Without the capacity to classify, we 
would be quite incapable of dealing effec- 
tively with the vast assemblages of organ- 
isms and of ideas which confront us. What 
kinds of organisms are there and how 
have they been produced? It is the task 
of the systematist to provide the approach 
to the solution of these and related prob- 
lems. We must first know what kinds of 
organisms there are before we can profit- 
ably undertake the study of the processes 
which have produced them. The system- 
atist must be in the forefront of bio- 
logical study, availing himself of the re- 
searches of all other biologists, adding 
the results of his own studies, and sys- 
tematizing the new knowledge as rapidly 
as possible. 

What has evolution accomplished? The 
mechanisms responsible for descent with 
hereditary variation have produced an 
enormous amount, though not all, of or- 
ganic diversity. But since evolution is 
now characterized as much by the con- 
servation of change as by the changes 
themselves, a great share of both resem- 
blances and differences in the world of 
life is directly related to evolutionary 
mechanisms. Thus the systematist, who 
collects, names, describes, compares, and 
groups organisms in accord with their 
natures, provides much of the information 
necessary to any intelligent attempt to 
solve the problems of evolution. If his 
works are careless, and if his classifica- 
tions are based on superficial characters 


which are uncorrelated with the major 
attributes of the organisms being studied, 
our whole understanding of the course of 
evolution and of the nature of the mech- 
anisms involved may be false. Because of 
the fundamental position of systematics 
in biology it is essential that we encourage 
good systematics and see that its impor- 
tance is understood. 

Comparative anatomy has its grosser 
and its finer aspects. The structures of 
organisms may be observed at the level 
of cells and tissues by the light micro- 
scope, at the level of finer structure as! 
revealed by the electron microscope, or 
finally at the level of the molecular an- 
atomy of particular organic substances. 
In a sense, this is all “morphology” of 
sorts, although the methods of study 
differ, being adapted to the relative sizes 
of the elements and to the limitations of 
our sense organs. Centuries of intensive 
morphological study in the classical sense 
have left a host of problems in systematics 
still incompletely solved. A different kind 
of approach with different techniques 
should be tried, an approach especially 
adapted to the molecular and macromole- 
cular levels. 

A very important part of biochemistry 
has to do with the constitutions and struc- 
tures of protein molecules and with the 
significance of these characteristics in the 
lives of the organisms possessing them. 
But the comparative analysis of pure pro- 
teins in terms of their amino acid compo- 
sitions and the relative positions of these 
within the protein molecules, is a very 
laborious process and but few proteins 
have been as yet sufficiently analysed. 
However, the structure of proteins has 
evolved no less than the gross structures 
of organs and systems, and our under- 
standing of the results of evolution will 
never be adequate without knowledge of 
such biochemical characters. What is 


needed at the present time is a method 
of studying the amounts and kinds of 
biochemical correspondence among rela- 
ted proteins or other antigens, which is 
more rapid and practicable than amino 
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acid analysis. Such methods are available 
in comparative serology and especially in 
the newer applications of precipitin test- 
ing to problems of systematics. This part 
of comparative biochemistry is barely 
mentioned in Florkin’s recent (1949) 
book, Biochemical Evolution, and an up- 
to-date summary is definitely needed. 


Current Methods 


We shall not attempt here a detailed 
chronological account of the steps in the 
development of systematic serology over 
the half century, since this has already 
been done for a considerable part of it 
(Boyden, 1942). Rather, we will plunge 
into the heart of the matter and discuss 
briefly the types of results obtained with 
two of the methods of precipitin testing, 
namely, the ring test and the procedure 
involving photoelectric turbidimetry. As 
we proceed along these lines it will be 
relatively easy to point out the obvious 
limitations and proper applications of the 
current methods of study. 

The ring test or schichtprobe measures 
in a crude way the relative sensitivities 
of an antiserum to a variety of antigens. 
What is measured when an antiserum is 
carefully layered under a series of antigen 
dilutions is merely the minimal amount 
of the antigen or antigens with which 
this antiserum is capable of reacting. If 
the antigens tested with a given anti- 
serum are comparable in their concentra- 
tions the ratio of heterologous to homo- 
logous titers is a crude measure of the 
biochemical or serological correspondence 
among these antigens. 

A study of common mammals (Boyden, 
1926; 1932) gave results which paralleled 
the systematic positions of the species 
tested and led to an interesting three- 
dimensional expression of the relation- 
ships. Examination of some common am- 
phibians (Boyden and Noble, 1933) led to 
a similar expression for the relationship 
of certain salamanders, and helped to 
solve the puzzle of the systematic posi- 
tions of Siren and Necturus. These genera 
were of doubtful position because of the 


lack of the complete adult expression of 
the structural characters upon which their 
systematic positions would normally be 
based. The ring tests showed that both 
Siren and Necturus were far removed 
from Cryptobranchus and were, therefore, 
specialized rather than primitive. 

Ring tests are inadequate as a basis 
for the measurement of biochemical and 
serological correspondence because they 
measure only one point on what is poten- 
tially a whole curve of optimal propor- 
tions within which the reactions between 
antigen and precipitating antibody occur. 
It has long been known that the amount 
of precipitate formed as a result of the 
additions of increasing amounts of anti- 
gen to a constant amount of precipitating 
antiserum, obtained from a rabbit, will 
increase to a maximum and then decrease 
to zero again in the zone of relative anti- 
gen excess. It is also clear now that the 
end point of the ring-test titration bears 
no simple relation to the content of anti- 
body in the antiserum or to the amount of 
turbidity or precipitate obtained at that 
proportion of antigen and antibody giving 
the maximum turbidity. It is also known 
that the maximum turbidities for a sys- 
tem of curves obtained with a particular 
antiserum tested with a variety of anti- 
gens do not fall on any one particular 
antigen concentration. These facts make 
it imperative that the precipitin-testing 
procedure be extended to the comparison 
of a given antiserum with all of the 
concentrations of antigen with which it 
is capable of reacting, as the minimum 
basis for the determination of the amounts 
of serological correspondence existing be- 
tween various antigens. Precipitin testing 
must be at least two-dimensional. 

Granted that we must use whole curves 
for the comparison of related antigens, 
the practical problem arises—how shall 
this be done? For a score of years the 
precipitates have been collected by cen- 
trifuging, then washed, dissolved, and 
their protein contents determined by the 
micro-Kjeldahl procedure. This method 
has been extensively used by Heidelberger 
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and associates (1929), and has come to be 
called “the quantitative procedure.” As 
a matter of fact there have been other 
quantitative procedures, some of which 
are quite old, namely, the measurement 
of the volumes or weights of the precipi- 
tates. Furthermore, all of these methods 
involve the collection of the precipitate 
and all are relatively laborious. The ideal 
procedure would be one that measures 
the precipitated material in situ, thereby 
avoiding all errors of collecting and hand- 
ling. This ideal method is the method of 
turbidimetry. It requires only an optical 
system which gives readings proportional 
to the amounts of suspended precipitate 
over a sufficient range of concentrations 
to be practicable. Such an optical system 
is available in the Libby (1938) Photron- 
reflectometer, “an instrument for the 
measurement of turbid systems.” The 
performance of this instrument has been 
carefully studied (Boyden, Bolton, and 
Gemeroy, 1947; Bolton, Leone, and Boy- 
den, 1948; Baier, 1951). Over a wide range 
of concentrations it gives readings pro- 
portional to the relative content of sus- 
pended precipitate, with a high degree 
of accuracy and sensitivity, and when it 
is applied to the measurement of dynamic 
precipitin systems it is internally com- 
pensated for particle size. Although it 
normally operates with a reflection sys- 
tem, it can be converted to a transmission 
system and under such conditions com- 
pares favorably with the other common 
instruments (Fisher Photometer, Klett- 
Summerson Colorimeter, Lumetron Col- 
orimeter ). 

With this instrument rapid progress 
can be made in the comparative serology 
of the antigens of a wide variety of ani- 
mals (and plants), and many groups of 
animals have been so studied. Among 
the invertebrates, the Crustacea provide 
favorable material and the nature of the 
more recent results is reported in the 
work of Boyden (1934) and Leone (1949, 
1950a, b). Insects also have been studied 
by Leone (1947a, b). Among the studies 
on vertebrates, there is the work of Geme- 


roy (1943) on fish; DeFalco (1942) on 
birds; and Boyden and Gemeroy (1950) 
on the position of the Cetacea with re- 
spect to the other orders of the Mammalia. 
These references should be consulted for 
details. 

The theory of systematic serology im- 
plies that serological correspondence de- 
pends upon biochemical correspondence 
and that the biochemical correspondence 
of proteins is an expression of the genetic 
natures of the organisms producing them. 
The relation between the serological cor- 
respondence and biochemical constitution 
of antigens has been demonstrated by 
many workers, including Landsteiner 
(1945), Marrack (1938), and Wells 
(1929), and is presented at length in their 
books. The relation between serological 
correspondence and genetic relationship 
is supported by the fact that closely re- 
lated species always show a high degree 
of serological correspondence, and that 
species hybrids fall in between their par- 
ental species. Thus the curves for the 
hinny and the mule come in between 
those of the horse and the ass, as shown 
in Figures 1 and 2. These figures show 
in a graphic way the amounts of ser- 
ological correspondence in the serum pro- 
teins of the species and hybrids tested. 
The intermediate positions of the hybrid 
mule and hinny sera are especially evi- 
dent in the lines at the left of the peaks 
of the curves. These are the parts of the 
curves which are the more discriminating 
among biochemically similar antigens. The 
reaction with horse albumin shows that 
a very considerable proportion of the total 
reaction in this particular case was due 
to the albumin-antialbumin components 
of this precipitating system. However, due 
to the principle of parallelism in ser- 
ological correspondence, the same order 
of placement of related species is usually 
obtained whether albumins or globulins 
are being serologically compared. These 
results were briefly referred to in the 
work of Boyden, Gemeroy, and Bolton 
(1949). 
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If the precipitin tests give results in 
accord with known genetic relationships 
then we have a right to assume that they 
apply equally to species whose genetic 
and systematic relationships are not suffi- 
ciently established. It is on this principle 
that the problem of the systematic posi- 
tion of the Cetacea (Boyden and Gemeroy, 
1950) among other orders of existing 
mammals was attacked, with the result 
that the Cetacea were found to be defi- 
nitely closer to the Artiodactyla (cow, 
sheep, kudu, elk, giraffe, camel, pig) than 
to any other order of existing mammals, 
at least one representative of each order 
except the Lagomorpha being tested. Be- 
cause rabbits are themselves lagomorphs 
the antisera made in rabbits could not be 
used to place the Lagomorpha in relation 
to the Cetacea, some other antibody pro- 
ducer such as the fowl would be required 
for this purpose. 

Recently the relations of the armadillo, 
giant pangolin, and aardvark have been 
examined. These animals, formerly in- 
cluded within a single order, the Edentata, 
are put into separate orders by Simpson 
(1945) as follows: 

Edentata: Dasypus, armadillo. 


Pholidota: Manis, giant pangolin. 

Tubulidentata: Orycteropus, aardvark. 

The precipitin tests gave the results 
shown in Table I. The results indicate 
that the three orders are serologically 
quite distinct and fully entitled to ordinal 
separation. Of the three, the Pholidota 
and Tubulidentata stand closer than either 
does to the Edentata as represented by 
the species tested. 

It has recently been reported (Boyden, 
DeFalco, and Gemeroy, 1951) that when 
antisera prepared against the different 
fractions of bovine plasma were tested 
with the sera of a series of even-toed un- 
gulates, nearly always the same series of 
relative placements with respect to the 
beef locus was obtained. The results are 
reproduced in Table II. There are only 
three exceptions (out of 65 heterologous 
tests) to the normal placement of these 
species. It is obvious then that there is 
a consistency in the relative placement of 
these species with reference to the beef 
locus regardless of the particular fraction 
of plasma proteins involved in the com- 
parisons. This new discovery may be ten- 
tatively formulated as the principle of 
“parallelism in serological correspond- 


TABLE I—SEROLOGICAL RELATIONSHIPS OF EDENTATA, PHOLIDOTA, AND TUBULIDENTATA 











HOMOL- HETEROL- PER CENT 
ANTISERUM KIND OGOUS oGcouUS SERUM HETER. A. 
AREA AREA HOMO. A. 
137(1+-0) Giant pangolin 1422 149 Aardvark (1012) 10.4 
(Pholidota) 0 Armadillo 47-1 ¢ 0 
1176 110 Aardvark (1109) 9.4 
138(1+-0) Aardvark 1663 99 Giant pangolin (1011) 6.0 
(Tubulidentata) 12 Armadillo 47-1 ¢ <1.0 
1583 48 Giant pangolin (49-1) 3.0 
248(1-+-0) Armadillo 1618 32 Giant pangolin (1011) 2.0 
(Edentata) 1648 26 Aardvark (1109) 1.6 
249(1+0) Armadillo 1446 20 Giant pangolin (1011) 1.4 
1412 0 Aardvark (1109) 0 
(a) Aardvark vs. Giant pangolin, 10.4; 9.4; 6.0; 3.0 
av.= 7.2% 
(b) Aardvark vs. Armadillo, <1.0; 1.6; 0.0 
av.cez 1.0 
(c) Giant pangolin vs. Armadillo, 0.0; 2.0; 1.4 


avi= 1.1 
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ence.” If generally confirmed it will have 
an important bearing on the relative 
weights to be given to the serological and 
morphological data in systematics. 


Serology versus Morphology 


A careful reading of Simpson’s (1945) 
“The Principles of Classification and a 
Classification of Mammals” reveals a host 
of problems in regard to the relative po- 
sitions of species, genera, families, and 
orders of existing mammals. The gross 
morphology of these animals presents 
conflicting evidences of their relation- 
ships, and in many cases the fossil record 
is inadequate to provide the ancestral his- 
tory. Under these circumstances it is fit- 
ting to investigate another aspect pre- 
sented by these organisms, for light on 
their inmost natures, the new aspect be- 








ing the biochemical constitution of their 
antigens and especially of their proteins. 
The problem is to demonstrate and mea- 
sure the relative amounts of biochemical 
correspondence among these substances. 
The advantages of precipitin testing over 
other methods of determining the bio- 
chemical natures of the antigens of or- 
ganisms are summarized in Table III. 
This table refers to concepts some of 
which need brief further consideration. 
Correspondence. The basic process in 
comparison is that of establishing the rela- 
tive amounts and kinds of correspondence 
or essential similarity between the objects 
of study. In comparative serology, the rel- 
ative amounts of correspondence among 
antigens are indicated by the relative 
amounts of the reactions between an anti- 
serum made to one of the antigens tested 


99 Anti-Horse tested with 
Horse Ho 





Mvle Me 
Hinny Hi 
/60;- Ass Ass 
Horse Alemn Ho-alb 
4or 
120r- 
SN 
[oo 
K 
~ 
& 
 &- 
x 
Wm 6ok 
4or 
2a- , 
x 
i 
32000 @0C0O 2000 500 125 3/.3 78 19 


MICROGRAMS PER ML 


Fic. 1. 














FIFTY YEARS OF SYSTEMATIC SEROLOGY 


bo 
ol 





with that antigen (the homologous reac- 
tion), and then with the other antigens 
to be studied (heterologous reactions). 
These tests may be made with varying 
degrees of refinement. When whole 
curves are obtained, the relative amounts 
of serological correspondence among the 
antigens are shown by the shapes and 
sizes of the families of curves, and these 
amounts of correspondence may be most 
simply expressed mathematically as the 
relative areas under the curves. If the 
curves are drawn as we make them, with 
turbidities on the ordinate in arithmetic 
series, and antigen concentrations on the 
abscissa in the geometric series of halving 
concentrations, then the relative areas 
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under the complete curves are propor- 
tional to the summation of all the turbid- 
ity readings. 

We have said that the relative amounts 
of serological correspondence are deter- 
mined by comparing the relative areas 
under the curves obtained when one anti- 
serum is tested with the homologous anti- 
gen (i.e., the one used in the production 
of that antiserum) and then with a vari- 
ety of heterologous antigens (i.e., other 
species). In each case the homologous 
curve area is the standard of reference 
and is rated at 100 percent. If tested un- 
der comparable conditions, the heterolo- 
gous curve areas decrease in a fairly reg- 
ular way as more distantly related anti- 


208(143) Anti Ext Horse tested 
with yo three 78I Ho 


-/ Pi 
ot / L 
Mull M 








1/000 250 62.5 15-6 3.9 0.95 
MICROGRAMS PER Mk 
Fic. 2. 


Fics. 1 AND 2. Typical graphs showing the relative amounts of reaction obtained in pho- 
tronreflectometer tests when anti-horse sera (99 and 208) are tested with the sera of horse 
(Ho), mule (M or Mu), hinny (Hi), ass (A), and horse albumin (Ho-alb). 

Galvanometer readings along the ordinate, antigen concentration along the abscissa. The 
intermediate positions of mule and hinny sera indicate their hybrid blood relationship to 
horse and ass. 
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gens are tested. But it is important to 
realize that this basis of comparison is in- 
complete and may be misleading if only 
portions of curves are compared without 
the whole reaction range having been 
tested. Our procedure makes use of the 
data from all parts of the reaction range 
of each antiserum and thus measures the 
total reactivity of an antiserum with each 
of the antigens tested. It includes in a 
single operation the measurements made 
from the more discriminating regions (an- 
tigen excess, to the left side of the peak) 
and from the less discriminating regions 
(antibody excess, to the right of the peak). 
Furthermore, when complete curves are 
plotted on the same coordinates, the rela- 


tive areas are independent of absolute an- 
tigen concentrations (Boyden and De- 
Falco, 1943). There is no real substitute 
for the use of whole curve areas for the 
determination of relative serological cor- 
respondence, as we have previously em- 
phasized (Boyden, Bolton, and Gemeroy, 
1947). 

On the one hand then we have a proven 
method of determining relative serological 
correspondence among antigens. But, on 
the other hand, the problems of establish- 
ing morphological correspondence are 
much more complicated. The relation of 
morphological homology is most difficult 
to establish and precise criteria for its de- 
limitation are lacking. Actually, the prob- 


TABLE II—REACTIONS OF A VARIETY OF ANTI-BOVINE SERA, PREPARED AGAINST VARIOUS FRACTIONS OF 
BOVINE PLASMA, TESTED WITH THE SERA OF EVEN-TOED UNGULATES. 





RABBIT ANTI-BOVINE FRACTIONS 


SERA TESTED AND PERCENT RELATION TO BEEF 
Pram 























ANTISERUM HOMOLOGOUS ANTISERUM r 
NO. ANTIGEN DILUTION BEEF GI 
(NATIVE) BISON ELK RAFFE CAMEL PIG 
403 Fraction I 1+1 100 66 52 42 23 0 
404 Fraction I 141 100 57 45 13 19* 0 
405 Fraction III-1 1+1 100 61 50 19 13 5 
406 Fraction III-I 141 100 60 35 26 8 6 
407 Fraction IV Undil. 100 86 51 0 
408 Fraction IV Undil. 100 89 37 0 
CHICKEN ANTI-BOVINE FRACTIONS 

BEEF 

(LYO) BISON ANOA ELK PIG 
Yel. 1 Albumin 1+1 100 95 66 58 7 

x 2 Albumin 141 100 92 8 0 
» 3 Albumin 1+1 100 97 27 + 0 
Red1+2 Globulin II Undil. 100 95 82 54 0 
Red 3+4 Globulin II Undil. 100 57 32 27 0 
RABBIT ANTI-LYOBEEF 

BEEF WART- 

(LYo) BISON SHEEP CAMEL HOG 
42 Mainly globulins 100 92 49 7 7 
44 Mainly globulins 100 112* 66 7 5 
47 Mainly globulins 100 86 31 3 2 
63 Mainly albumins 100 70 79* 21 17 
65 Mainly albumins 100 88 76 16 11 
* Exception to normal placement. 


The values given are the relative percent values for the whole curve areas of the heterologous and 
homologous tests. 














ind 


FIFTY YEARS OF SYSTEMATIC SEROLOGY 


27 





lem of delimiting morphological corre- 
spondence has been side-stepped in the 
modern usage of homology, for the rela- 
tion of homology is now most commonly 
defined in terms of ancestry. This is beg- 
ging the question, for whatever can be 
properly concluded about the remote an- 
cestry must be based primarily on the 
morphology of fossils. And so the vicious 
circle remains as a reflection on our intel- 
ligence and on our understanding of the 
nature and limitations of the study of mor- 
phological correspondence. Complex as it 
may be, the study of serological corre- 
spondence is simple and clear in its meth- 
ods, principles, and results when com- 
pared with the study of comparative mor- 
phology. An illustration of what is meant 
here is the following. If molecules of pro- 
tein could be magnified to appear to us 


as large as dogs and with all their con- 
stituent parts as clearly visible as the 
parts of a dog’s prepared skeleton may be, 
we would still have the difficult task of 
deciding which molecules of the different 
proteins were more similar to others and 
how to weight the various aspects of their 
correspondence. Leave these molecules 
as they are; inject them into rabbits or 
fowl; test the antisera with various anti- 
gens, and the relative amounts of sero- 
logical correspondence come out in the 
comparisons. 

Objectivity and facility of measurement. 
The determination of biochemical and se- 
rological correspondence is relatively ob- 
jective compared to the estimation of de- 
grees of morphological correspondence by 
any commonly used procedures. Some 
few morphological characters can be mea- 


TABLE III—Two KInpDs OF EVIDENCE BEARING ON ANIMAL RELATIONSHIPS 








BASIS OF COMPARISON 


COMPARATIVE SEROLOGY 


COMPARATIVE ANATOMY 








1. Correspondence 
2. Objectivity 


3. Facility of measure- 
ment 


4. Constancy 


Convergence 


or 


6. Relative placement 


“I 


Primitiveness versus 
specialization 


8. Fossil record 


9. Requirement for spe- 
cial equipment 


10. Testing procedure 
static or dynamic 


Guaranteed in the reactions 
with protein antigens. 


heterologous 


homologous 
more objective. 


Relative areas 


Relative curve areas are easily 
measurable. 


Relatively constant during the 
life cycle (checks and bal- 
ances in antibody-forming 
mechanisms). Moderately con- 
servative in evolution. 


Rare. 
Apparently consistent. 


No direct test for primitiveness. 


Practically nonexistent. 


Apparatus for quantitative pre- 
cipitin testing needed. 


Dynamic. 


Relation of structural homol- 
ogy difficult to delimit. 


Relative similarities and differ- 
ences less objective. 


Relative morphological indices 
more difficult to measure and 
subject to errors of interpre- 
tation. 


May be greatly varied during 
the life cycle. Some morpho- 
logical characters remarkably 
conservative in evolution. 


Common. 
Not always consistent. 


Sometimes more primitive con- 
ditions may be distinguished 
from more advanced condi- 
tions. 


Sometimes well-documented. 


Sometimes no complicated ap- 
paratus needed, but com- 
monly microscopes are re- 
quired. 


Static when descriptive alone. 
Dynamic when it becomes ex- 
perimental. 
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sured. In cases of allometry a special tech- 
nique is required in order to reach valid 
conclusions about the amounts of mor- 
phological correspondence shown. But 
many characters of the soft parts of ani- 
mals are difficult to measure or describe 
in relatively objective terms. There is 
still considerable difference of opinion 
over the relative importance of the mor- 
phological criteria which may be used in 
establishing degrees of morphological cor- 
respondence. In fact, it appears that we 
have not as yet been able to define what 
an “essential morphological similarity” is 
and some appear to believe that it is im- 
possible to do so. 

Constancy during ontogeny and phy- 
logeny. The antigens of the body gen- 
erally appear to remain remarkably con- 
stant in ontogeny once they are formed. 
They may even remain constant during 
the ontogenetic stages when relatively 
great morphological differentiation occurs. 
In phylogeny the serological characters of 
the plasma are moderately conservative, 
extending over many orders and classes 
of the same phylum or even between 
phyla (Wilhelmi, 1942; 1944). On the 
other hand, some morphological charac- 
ters are known to have lasted for hun- 
dreds of millions of years and appear to 
have remained common to orders, classes, 
and even phyla. However, the question of 
monophyletic versus polyphyletic origins 
of organisms, and even of animals, has not 
been conclusively answered, and the cur- 
rent belief in the existence of genetic 
relationships among all organisms is open 
to serious question. 

Convergence. The phenomenon of mor- 
phological convergence is too well known 
to require extensive discussion. It is a 
serious problem for the student of animal 
evolution. As far as serological conver- 
gence is concerned we have as yet no 
proven cases for protein antigens. As fur- 
ther work is undertaken they may appear 
but it is unlikely that they will be fre- 
quent. Divergence and parallelism rather 
than convergence seem to be the rules for 
protein evolution, as far as the serological 


characters of protein antigens are con- 
cerned. 

Relative placement of species. The sep- 
arable antigens of the plasma appear to 
have evolved in a parallel way so that an 
antialbumin serum prepared with bovine 
albumin gives the same order of place- 
ment of serologically related species of 
even-toed ungulates as antibovine glo- 
bulin sera do. In other words, there is 
apparently a degree of consistency in the 
relative placement of species based on 
such serological characteristics which may 
be lacking from morphological compari- 
sons. 

Primitiveness and the fossil record. So 
far as we know there is no direct sero- 
logical test for primitiveness and, of 
course, the fossil record for antigens is 
practically non-existent. On the other 
hand some relatively primitive fossil 
structures may be determined and the 
fossil record is sometimes complete 
enough to portray the ancestral history 
with fair probability. In these respects 
morphological comparisons are definitely 
superior to serological comparisons and 
they may be decisive in regard to the 
probable course of evolution. 

Equipment and the testing procedure. 
At present a Libby Photronreflectometer 
rates as “special equipment” but a good 
microscope does not. However, it is only 
an accident of history that the one was 
perfected before the other. Other than 
the photronreflectometer, only standard 
biochemical apparatus is needed in com- 
parative serology, just as in anatomy the 
microscope is the only piece of special 
equipment needed in addition to the 
standard dissecting tools and apparatus 
for histological and cytological study. 
There is little difference in the instru- 
mental requirements of the two fields. 

Serological testing procedures, however, 
always involve living organisms and func- 
tioning apparatus, whereas comparative 
anatomy often involves only the dissec- 
tion and comparison of dead organisms. 
On the one hand, therefore, we have the 
collection of sera, the injection and bleed- 
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ing of rabbits, the preparing of antigen 
dilutions and the movements of the gal- 
vanometer needles as varying amounts of 
turbidity develop out of the clear solu- 
tions of reagents. This is dramatic and 
may be exciting. On the other hand, the 
dissection of dead or pickled organisms 
can scarcely be considered dynamic or 
dramatic, though it may be very exciting. 
In this case, however, the excitement is an 
internal matter; nothing is actually hap- 
pening in the objects of study. 

This comparison points to some of the 
relative advantages and disadvantages of 
the common methods of systematic ana- 
lysis. These two methods are comple- 
mentary, for each is strong where the 
other is weak. Let each contribute what 
it can to our understanding of systematics. 
If the data of comparative serology can 
add a new dimension to our thinking, the 
natural system of classification must be 
strengthened thereby. And, since the 
nature of evolution must be determined 
in part through an analysis of its results, 
the science of comparative serology may 
also contribute to our knowledge of the 
results of biochemical evolution in the 
proteins of organisms. Thus the evolu- 
tionary development of one set of proteins, 
those called antibodies, has made possible 
a new approach to the study of the 
amounts of biochemical and serological 
correspondence in all other proteins. This 
opportunity to study blood-relationships 
systematically and serologically should be 
exploited to the full. 

In the span of fifty years the science of 
systematic serology has developed both 
a suitable set of procedures for obtaining 
data and a sound set of principles for their 
interpretation and evaluation. But the 
workers have been few, and the problems 
many. It is, in fact, only within the past 
fifteen years that sufficient understanding 
of the sources of error involved in precipi- 
tin testing and the proper ways in which 
to demonstrate the relative amounts of se- 
rological correspondence among antigens 
have been available. With this knowl- 


edge the way is clear to permit a more 
extensive application of the procedures of 
precipitin testing to the problems of the 
biochemical evolution of proteins and the 
utilization of the knowledge thus gained 
in systematics. 
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How Many Insects Are Therer 


HEN people ask, “How many in- 

sects are there?” they usually want 
answers to two different questions: How 
many kinds of insects are there? What 
is the total number of individual insects 
in the world? An honest answer to both 
is: nobody knows exactly. 

The number of kinds, or species, is so 
great that entomologists cannot keep an 
accurate count, except for small groups. 
The number of kinds that have already 
been described and named is estimated 
by various scientists at 625,000 to 1,500,- 
000. No one can even guess when the big 
tally will be finished. For such huge 
groups as beetles and flies, an exact count 
may never be possible, although generally 
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the numbers of the smaller groups can be 
tallied more accurately. 

Workers in the division of insect identi- 
fication of the Department of Agriculture 
estimate that by the end of 1948 approx- 
imately 686,000 different species of insects 
had been described and named for the 
entire world (Table I). In addition were 
some 9,000 species of ticks and mites, 
which are not true insects but look like 
insects to the. lay person. About two-fifths 
of the known kinds of insects are beetles. 
Moths and butterflies, ants, bees, wasps, 
and true flies comprise another two-fifths. 

For North America north of Mexico, 
the latest figures show nearly 82,500 kinds 
of insects, plus 2,613 kinds of ticks and 


TABLE I—NUMBER OF SPECIES OF INSECTS DESCRIBED BY THE END OF 1948 





NO. AMERICA, , 








ORDER AND COMMON NAMES WORLD NORTH OF 
MEXICO 
Anoplura (sucking lice) 250 62 
Coleoptera (beetles, weevils) 277,000 26,676 
Collembolla (springtails) 2,000 314 
Corrodentia (booklice, barklice) 1,100 120 
Dermaptera (earwigs) 1,100 18 
Diptera (flies, mosquitoes) 85,000 16,700 
Embioptera (embiids) 149 8 
Ephemeroptera (mayflies) 1,500 550 
Hemiptera (true bugs, cicadas, aphids) 55,000 8,742 
Hymenoptera (ants, bees, wasps) 103,000 14,528 
Isoptera (termites) Lit 41 
Lepidoptera (butterflies, moths) 112,000 10,300 
Mallophaga (biting lice) 2,675 318 
Mecoptera (scorpionflies) 350 66 
Neuroptera (lacewings, ant-lions) 4,670 338 
Odonata (dragonflies, damselflies) 4,870 412 
Orthoptera (grasshoppers, roaches) 22,500 1,015 
Plecoptera (stoneflies) 1,490 340 
Protura 90 29 
Siphonaptera (fleas) 1,100 238 
Thysanoptera (thrips) 3,170 606 
Thysanura (bristletails, “silverfish’’) 700 50 
Trichoptera (caddisflies) 4,450 921 
Zoraptera 19 2 
Total 685,900 82,394 
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mites. Just as for the world, beetles far 
outnumber other kinds of insect life, 
with ants, bees and wasps, and the true 
flies having a good share. The moths and 
butterflies, which run second to the beetles 
in the world as a whole, are in fourth 
place in our area, with 10,300 species. 
The true bugs are not far behind, with 
8,700 species. The remaining 5,400 species 
belong to the other 19 orders. 

Not all 82,500 kinds live in the same 
locality or even in the same region. The 
mountains and the plains, the great 
swamps of the Everglades and peaks of 
the Sierras, the deserts of the Southwest 
and the northern forests—each have their 
own particular insects. Some kinds live 
only on the very top of a mountain or 
two. Others are found in many states. 

How many species can we expect to 
find in any one state? For most states we 
have no totals. A few tabulations, made 
in various years, are available: 


TOTAL 

INSECTS FLIES 
Connecticut 8,869 1,565 
Michigan — 3,233 
New England — 3,304 
New Jersey 10,385 1,661 
New York 15,449 3,615 
North Carolina 11,094 2,111 


From them we can deduce that states of 
average topography, climate, and vegeta- 
tion might have 10,000 to 15,000 kinds; 
there might be fewer species in the 
smaller states and more in the larger ones 
that have wide ranges of growing seasons, 
types of plants, elevation, and so on. 
How many insects are injurious to man? 
Entomologists estimated some years ago 
that approximately 6,500 species of in- 
sects in the United States were important 
enough to be called public enemies. Today 
the number is probably closer to 10,000. 
How do the numbers of insects compare 
with those of other animals? In current 
books on zoology, estimates of the total 
number of described species of animals 
range from 823,000 to 1,115,000. If the 


number of kinds of insects is between 
625,000 and 900,000, probably 70 to 80 
percent of all the known kinds of animals 
are insects. That proportion has held 
quite steady in the estimates of many 
zoologists for the past century or more. 

The starting point of our modern sys- 
tem of naming animals is 1758. In that 
year the names, pedigrees, and descrip- 
tions of all the animals then known were 
printed in one book of only 824 pages, the 
Systema Naturae by the great Swedish 
naturalist, Carolus Linnaeus. He listed 
4,379 kinds of animals, of which 1,937 
were insects. From that beginning, knowl- 
edge has expanded greatly as scientists 
explored the lesser known parts of the 
earth from pole to pole and the crannies 
of the better known places, their own 
back yards. Within 100 years, nearly 
100,000 kinds of insects had been identi- 
fied. By 1900 the total was about 300,000. 
It has more than doubled since then. 
Each year now about 6,000 or 7,000 kinds 
of insects are described and named for the 
first time. 

Today a mere list of the scientific 
names of the known insects (based on a 
conservative estimate of the total num- 
ber), without one word of description or 
anything else, in a book with two columns 
to a page and print fine enough for 100 
lines in each column, would fill a volume 
of 3,300 pages. To say it in another way: 
If the names were printed one to a line 
in an eight-page, eight-column newspaper 
of average size, without headlines and 
pictures, more than eight weeks, includ- 
ing Sundays, would be needed to print 
only the names of the insects that are 
already known in the world. 

What is the real total? So far we have 
been considering the number of different 
species of insects that have been de- 
scribed and named. But how many kinds 
would there be if all were known and 
named? No one can say for sure, but the 
question has provoked a good deal of 
speculation. Recent guesses vary from 
2,500,000 to 10,000,000 different kinds. 
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Maybe there are not quite so many as 
some people think, however. For example, 
a listing in 1949 of the termites of the 
world recognized 1,717 distinct species, 
even though some previous estimates 
ranged as high as 2,600 species. For 
North America, north of Mexico, there 
are 41 distinct species, compared to 59 
in earlier lists, because further study 
showed that some proposed names applied 
only to subspecies or color varieties or 
were simply synonyms, that is, duplica- 
tion of names for the same species. That 
experience in a small and intensively 
studied group may be repeated to an even 
greater extent in some of the larger 
groups. Even so, many really new and 
hitherto unknown kinds of insects are 
being found and described every day 
somewhere in the world, and their num- 
ber should far exceed any decrease caused 
by duplication of names. The final roll 
call may be far short of ten million but 
it seems sure to be somewhere in the 
millions. 

The number of individual insects, the 
second part of our question, is a tremen- 
dous problem in itself. No one dares to 
guess the answer for the world, or a 
country, or a state. Even for smaller 
areas, such as acres or square miles, any 
figures are only approximations based on 
square-foot samples or similar measures. 
In any given area, the population of 
insects will not only depend on such 
things as the soil and the plants, but it 
will vary from season to season and even 
from one minute to the next. Still, samples 
will give us some ideas of the normal 
population. 

Sometimes insects break out of their 
usual population by swarming or migra- 
ting or by sudden bursts of thousands or 
millions of individuals that cover side- 
walks or lay waste mile after mile of grain 
fields or strip leaves from thousands of 
trees. Then we can make special counts 
or estimates of the size of the crowd. 
Many other figures are also available for 
such concentrations of insects as occur in 


beehives, ant nests, and termite colonies. 
Let us look at a few of the many facts 
that are known about the numbers of 
insects. 

Great reproductive capacity is common 
among insects. For example, in one sum- 
mer season from April to August, the 
descendants of one pair of house flies, if 
all lived and reproduced normally, would 
make a total of 191,000,000,000,000,000,000. 
But fortunately reproduction does not go 
on at full speed. Other insects, birds, dis- 
eases, insecticides, and weather take a toll 
of the eggs that are laid and the young 
that are born. 

Many calculations have been made for 
aphids, or plant lice, because they have 
many generations in a season. Glenn W. 
Herrick found that the cabbage aphid, 
which had an average of 41 young per 
female, had 16 generations between March 
31 and October 2 in New York State. If 
all lived, the descendants of one female 
aphid would amount to 1,560,000,000,000,- 
000,000,000,000 by the end of the season. 
Such related kinds as the melon aphid or 
the cotton aphid will have twice as many 
offspring per female and more genera- 
tions per year in the South. 

Not all kinds of insects are so prolific. 
Some have very few young, some have 
only one family each year, and some take 
years to grow from egg to adult. But even 
such insects, if common enough, may be 
very numerous. Consider a slow breeder 
like the famous periodical cicada, or 17- 
year locust; the swarms that result when 
one of its broods emerges from the ground 
after a 17-year childhood will always be 
remembered by those who have seen 
them. As many as 40,000 cicadas may 
emerge from the ground under a large- 
sized tree. Sometimes the emergence holes 
are so close together that 84 of them can 
be counted in a square foot of soil surface. 

Some insects lay eggs continuously 
over long periods. Especially is this true 
among social insects, those that are or- 
ganized into societies such as nests, hives, 
or colonies. Ant queens have been known 





34 


SYSTEMATIC ZOOLOGY 





to lay as many as 340 eggs a day. Honey 
bee queens can lay 1,500 to 2,000 eggs a 
day. Termites hold the record: the queen 
is a specialized machine for turning out 
eggs day after day. Alfred E. Emerson, 
an authority on termites, has stated that 
a capacity of 6,000 to 7,000 eggs a day is 
not unusual for specialized termite queens, 
which may live from 15 to 50 years. Many 
years ago, in four different queens of an 
East African termite, Macrotermes bel- 
licosus, Karl Escherich observed an egg- 
laying rate of one egg every two seconds, 
or 43,000 a day. We do not know, of 
course, how long eggs are laid at such 
record rates. Under natural conditions 
the daily number may vary a good deal. 
But in large colonies and under good con- 
ditions, egg production is certainly a 
highly developed big business. 

A remarkable method of reproduction 
in some insects is polyembryony, a proc- 
ess whereby two or more young result 
from a single egg. In its simplest form, 
one egg divides in two, just as identical 
twins originate in the higher animals. 
But some insects do not stop there. The 
parts of the original egg may keep on 
dividing. In some species as many as 
1,500 to 2,500 insects finally result from a 
single egg. L. O. Howard, in his book The 
Insect Menace, said he found that nearly 
3,000 small parasitic wasps emerged from 
a single caterpillar in which probably no 
more than a dozen eggs had been laid. 
Polyembryony occurs in parasitic insects, 
a fact of obvious importance to man when 
he uses them to fight his insect battles 
for him. 

Swarms or outbreaks of insects—the 
spurts or surges of numbers that attract 
attention—are the natural result of such 
potential powers of reproduction. They 
may be a normal part of the life of an 
insect, such as mating flights or swarms 
of honey bees. Or they may occur when 
something happens to tip the balance of 
nature and give a head start to some 
insect with great powers of reproduction. 
Probably everyone has seen such a swarm 


or outbreak: a great flight of mayflies, 
whose dead bodies wash up on the shores 
of lakes in large windrows; the swarming 
of honey bees; the flights of ants and 
termites; the migrations of locusts and 
butterflies; armyworms; periodical cica- 
das; or chinch bugs on the march into 
corn fields. A fantastic number of indi- 
vidual insects might be in such a mass 
outbreak, and their damage could be al- 
most beyond belief—whether the earth is 
scorched by swarms of locusts and grass- 
hoppers or the destruction caused by less 
conspicuous insects. In Canada in 1919 
and 1920, for example, an outbreak of the 
spruce budworm destroyed a volume of 
wood said to be equal to a 40-year supply 
for all the pulp mills then operating in 
Canada. 

Tremendous swarms of locusts, such as 
described in the Bible as a plague on the 
Children of Israel in Egypt, are reported 
in many parts of the world. We have 
figures for outbreaks in Africa and the 
Near East. For the Moroccan locust, 
workers found as many as 6,000 egg pods 
per square yard, with an average of 30 to 
35 eggs in a pod. During a campaign 
against migratory locusts in western Tur- 
key, collectors gathered 430 tons of eggs 
and 1,200 tons of locusts in three months. 

The most spectacular examples in the 
United States are the migrating swarms 
of Rocky Mountain grasshoppers in the 
Great Plains in the 1870’s. The locusts 
are said to have left fields as barren as if 
they had been burned over. Only holes 
in the ground showed where plants had 
been. Trees were stripped of their leaves 
and green bark. One observer in Nebraska 
recorded that one of the invading swarms 
of locusts averaged a half mile in height 
and was 100 miles wide and 300 miles 
long. In places the column, seen through 
field glasses and measured by surveying 
instruments, was nearly a mile high. 
With an estimate of 27 locusts per cubic 
yard, he figured nearly 28 million per 
cubic mile. He said the swarm was as 
thick as that for at least six hours and 
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moved at least five miles an hour. He 
calculated that more than 124 billion 
locusts were on the move in that one 
migration. 

Not always is the occurrence of large 
numbers of insects harmful. In the moun- 
tains of California and elsewhere, lady 
beetles (or ladybirds) overwinter in 
masses in sheltered places. Two men 
working together can sometimes collect 
from 50 to 100 pounds of beetles in a day. 
Judging by the average weight of each 
beetle, one can figure that such collections 
contain 1,200,000 to 2,400,000 beetles. It 
is thus possible to gather large numbers 
of these insect-eating beetles and later 
release them in places where they will 
attack insects that are feeding on crops. 

Migrations of butterflies are especially 
striking. Millions of butterflies may fly 
for days and as far as 2,000 miles, and the 
migrating swarm may be several hundred 
miles in width. Such flights apparently 
are more common in other parts of the 
world, but some have been recorded in 
the United States. The monarch butterfly 
(or common milkweed butterfly) is a 
regular commuter. Each fall, individuals 
of this species fly south, and some of them 
may make the return trip of 1,000 miles 
or so the following spring. In Texas in 
the summer of 1921, C. H. Gable and 
W. A. Baker recorded a migration of 
snout butterflies, Libytheana bachmanii, 
which were so numerous that an average 
of about 1,250,000 of them per minute flew 
across a front 250 miles wide. At the 
main observation point the migration con- 
tinued at the same level of intensity for 
18 days. 

The normal population of insects, not 
counting swarms or unusual increases, 
has been studied for some situations and 
some species. The best figures we have 
are for insects living in the soil, probably 
because it is easier to get practically com- 
plete samples of the population. Even 
so, the data are hard to compare because 
the studies are so different: different 


kinds of soil or time of year, samples 


taken down to different depths, and treated 
in different ways that might or might not 
find such small things as mites and spring- 
tails. Because those two kinds far out- 
number all other animals in most soils 
and forest litter, a small difference in 
technique could make a difference of mil- 
lions per acre in the number of insects 
reported. 

Studies of grassland insects in England, 
in which the top 9 to 12 inches of soil was 
examined, disclosed totals for insects and 
mites that ranged up to several hundred 
million per acre. Even for specific kinds 
of insects, the estimates may be unbe- 
lievably high. For example, certain wire- 
worms, such as the larvae of Agriotes 
beetles, have been found in numbers cal- 
culated to be from three million to 25 
million per acre. In most of the reports, 
mites and springtails formed two-thirds 
or more of the total; in some, the number 
of springtails was nine-tenths of the total 
for insects. 

The population of arthropods (insects, 
mites, centipedes, and such) in the forest 
litter and humus also has been studied. 
From samples taken to a depth of five 
inches in oak and pine stands on stony 
clay and sandy soils in North Carolina, 
A. S. Pearse calculated that there were 
approximately 124 million animals per 
acre. Of these, nearly 90 million were 
mites, 28 million springtails, and 4.5 mil- 
lion other insects. In a scrub oak area 
in Pennsylvania with apparently a richer 
forest litter, C. H. Hoffmann and his co- 
workers found an average of 9,759 arthro- 
pods per square foot of surface in two 
inches of litter and one inch of humus. 
That figures out to 425 million per acre. 
As in Pearse’s study, the mites were the 
most abundant kind of animal, averaging 
294 million per acre. Springtails averaged 
119 million, with only 11 million for all 
other arthropods. The number per acre 
is an estimate based on the average of 
square-foot samples. It may be smaller 
in some parts of an area and much larger 
in others. 
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A census of colonies of social insects is 
easy compared to the difficulties of count- 
ing or estimating the general insect popu- 
lation. Many figures have been published 
for ants, termites, bees, and wasps, some 
being actual counts and some estimates 
based on samples. 

Ants differ greatly in the size of their 
colonies, from small nests with a dozen 
workers to large and populous nests with 
several hundred thousand. E. A. Andrews 
calculated that an ant colony in Jamaica 
had 630,000 individuals, nine-tenths of 
them workers. Large nests of Formica in 
Europe are generally agreed to contain 
an average of 150,000 to 200,000 ants. In 
a ten-acre study area in Maryland, E. N. 
Cory and Elizabeth Haviland found 73 
mounds of various sizes of the Allegheny 
mound ant. In two mounds studied, they 
found 41,000 and 238,000 ants. From these 
figures, and the approximate relation be- 
tween size of mound and number of ants, 
they calculated an average of about 27 
ants for every square foot of the ten acres. 

Colonies of termites vary in size as 
much as ant nests do. Some have a few 
hundred individuals at most, but others 
may have several million. The colonies 
are relatively small in the United States, 
and a nest with a quarter of a million 
termites is a very large one. The records 
for size go to the tropical species, es- 
pecially those that build large nests in 
the soil. Alfred E. Emerson found three 
million termites in a colony of the South 
American Nasutitermes  surinamensis. 
F. G. Holdaway and his colleagues re- 
corded from 750,000 to 1,806,000 termites 
in several mounds of N. evzitiosus in 
Australia. 

Honey bees have long been the subject 
of insect censuses. Jan Swammerdam in 


1737 counted the cells and bees of three 
Dutch straw hives. In 1740 René de 
Réaumur counted 43,008 bees in a large 
swarm. Strong colonies in modern bee- 
hives contain about 55,000 bees. As many 
as 30,000 may leave a hive in a swarm. 
A good colony with a vigorous queen 
should produce about 200,000 bees in a 
year. The normal egg production during 
the lifetime of a queen bee has been 
estimated to be as high as 1,500,000, 
but probably it does not usually exceed 
500,000. 

Some wild species of bees may also 
have large colonies. In the South Ameri- 
can stingless bees (Trigona), 50,000 to 
100,000 individuals may be in a single 
nest. The largest known nest of a tropical 
bee, Trigona postica, had 27 combs with 
about 64,000 cells and 70,000 to 80,000 
adult bees. The social wasps and hornets 
have rather small colonies. The largest 
nests range from a few hundred indi- 
viduals to several thousand. 

How many insects are there? And how 
many kinds of insects? Maybe we shall 
never know. But wherever we go and 
whether we see them or not, we are 
surrounded by countless millions of in- 
sects. Every forest, every field, every 
back yard, every roadway is a gigantic 
insect zoo. A wide world of endless va- 
riety and interest is open to all who will 
do a little investigating on their own. 


CURTIS W. SABROSKY is a specialist on 
Diptera in the Division of Insect Identifica- 
tion of the Bureau of Entomology and Plant 
Quarantine, U. S. Department of Agriculture. 
This paper is an abridgement of the lead ar- 
ticle of the 1952 Yearbook of Agriculture, In- 
sects, published by the U. S. Department of 
Agriculture. It is reprinted here with the 


kind permission of the editor of the Yearbook 
in the hope that it may encourage specialists 
in other groups to prepare similar tallies. 
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Revision of Type Localities 


RECENT paper summarizing the 

type localities of Mexican amphibians 
and reptiles (Smith and Taylor, 1950) has 
been the cause of some attention and 
comment, published (Dunn and Stuart, 
195la, b) and unpublished. All of the dis- 
cussion has centered upon the propriety of 
the numerous revisions (the so-called re- 
strictions) of type localities made in that 
summary. As has been pointed out else- 
where, the restrictions have no official 
status whatsoever since the policy of re- 
stricting type localities, although a rather 
general one in zoology, does not come 
within the scope of the International Code 
of Zoological Nomenclature. Since disa- 
greement clearly is possible on the status 
of such restrictions, a consideration of the 
matter by the International Commission 
on Zoological Nomenclature is highly de- 
sirable and is as a matter of fact currently 
pending. Concomitant or advance discus- 
sion by interested zoologists is invited by 
the Commission. 

At least four principles pertaining to 
type locality revision may be subject to 
little difference of opinion, and thus be 
more readily acceptable than others to 
taxonomists in general. These four “ob- 
jective” items may appropriately be sum- 
marized before treating more controver- 
sial aspects. 


Objective Principles 


A refined taxonomy unquestionably re- 
quires or leads to pin-pointed type locali- 
ties. In some animal groups type localities 
are of little importance because of the 
overwhelming reliance placed upon mor- 
phology. In other groups, especially ver- 
tebrates, in which a more complete utili- 
zation of characters and their variation 
has been attained because of a greater 
knowledge of structure and variation, tax- 
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onomic recognition can be and is granted 
to populations distinguishable only upon 
the basis of a series of individuals, or upon 
bases not always evident in a designated 
type. Here great reliance is placed upon 
the type locality as a clue to the charac- 
ters of a population the type represents. 
Tnis is often more important than the 
type itself. At least in such fields it is the 
duty of taxonomists to define type locali- 
ties of trivial (specific and subspecific) 
categories as precisely as possible. The 
original describer should, but not always 
does, do this. A subsequent reviser must 
occasionally refine or even correct an orig- 
inal statement of type locality. It may 
thus be agreed that revision of original 
statements of type localities is a necessity 
in taxonomy and should be so recognized 
by the Code governing taxonomic proce- 
dure. 

A real problem exists, however, in the 
diverse needs of different fields of zoologi- 
cal taxonomy. Should invertebrate fields, 
greatly larger than the vertebrate field, 
be required to suffer the same, and to 
them perhaps totally unnecessary, con- 
finements that may seem desirable for 
vertebrates? The discrepancies between 
the needs of the two fields reflect, in part, 
a difference in extent of knowledge of 
morphology and variation. In those re- 
spects the early establishment of proce- 
dures which will eventually prove neces- 
sary is clearly desirable. Yet, in other re- 
spects the differences in needs are real 
and intrinsic. While weighing the disad- 
vantages of setting up rules governing fix- 
ation of type locality, care should be taken 
to consider only these real, intrinsic differ- 
ences. 

Secondly, it is obvious that a variety of 
revisions of type locality is possible. Those 
concerned with the absence of an original 
citation, with a vague citation, or a multi- 
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ple citation, among others, are distinct 
from each other and involve different 
problems. To maintain clarity of discus- 
sion these can scarcely be lumped simply 
as “restrictions,” as is commonly done. 
Type localities fall into five primary cate- 
gories. A type locality by original des- 
ignation would be the one given in the 
original description; by subsequent cor- 
rection, one given in error in the original 
description or subsequent revision, and 
later corrected; by subsequent designa- 
tion, one which has been proposed for a 
name originally proposed without a type 
locality; by subsequent selection, one 
which is later selected from a series of 
localities; and by subsequent restriction, 
one which is later restricted to a more 
precise locality within the confines of the 
originally designated type locality. 

The mere fact that an original state- 
ment of type locality is not necessarily 
final, and that it can be refined or altered 
in conformance with knowledge subse- 
quently acquired, makes it highly desir- 
able that citation of type locality in tax- 
onomic works of any sort always be ac- 
companied by an indication of some sort 
of the status of the locality cited. The 
simple citation of a locality, even with 
inclusion of an unqualified statement that 
it is somehow restricted or altered from 
the original, clearly does court error. 

Thus a third point is that in all formal 
citations not only should the type locality 
by original designation be given but also 
the status (as above indicated) of the de- 
finitive type locality should always be 
specified. Brief reference to the author of 
the revision would also contribute greatly 
to clarity. Consistent adoption of this 
procedure would certainly eliminate a 
large part of the possible source of error 
stemming from acceptance of a cited type 
locality of unspecified origin. 

Likewise for the sake of clarity, it 
would be well to avoid use of “restriction” 
in the same broad sense as has heretofore 
been common. Revisions of type locality 
can be of several sorts (as listed above); 
only one sort is a true restriction of type 


locality. The fourth point, therefore, is 
that in a general sense, the several sorts 
of alterations of type locality are perhaps 
best known as “revisions,” not “restric- 
tions.” 


Principles to be Arbitrated 


In the preceding comments only the ob- 
jective features of type locality revision 
have been reviewed. Greater divergence 
of opinion, however, is to be expected in 
other respects, four of which are discussed 
below. 

1. One question concerns the relation 
to each other of the five sorts of type lo- 
cality designation. The proper relation is, 
fortunately, rather clearly indicated, both 
by common consent and by logic. Four 
conclusions pertaining to the question 
may be justified. First, original designa- 
tions are, of course, of prime importance. 
Second, unless in error all subsequent re- 
visions should be effected within the 
scope of the original designation. For ex- 
ample, if more than one locality is origi- 
nally given for a group of two or more 
syntypes, a revision requires that one of 
these—and no other—be selected. An 
original designation couched in terms too 
general to suffice in the light of later 
knowledge can be restricted, but only to 
localities within the confines of the origi- 
nal designation (if, of course, correct). 
Only when designation of a type locality 
is wholly omitted in the original descrip- 
tion is a subsequent designation com- 
pletely under the control of a subsequent 
reviser, and even then he has a limitation 
imposed upon his designation by the 
structure of the type itself which may 
give more or less precise clues to the loca- 
tion of the exact population from which 
it was selected. 

Third, it is reasonable to extend the pre- 
ceding conclusion to apply to chronologi- 
cally successive restrictions: in other 
words, any revision must be confined 


within the limits expressed by the next 
preceding revision, unless an error (which 
may be corrected) is involved. I am not 
aware that popular procedure clearly in- 
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dicates a policy for dealing with correc- 
tions of type localities based upon lecto- 
types (which in themselves constitute 
subsequent selections); the possibility of 
rejecting the earlier selection of lectotype 
and substituting another does exist, but 
because of the complications that would 
possibly arise in the shift from one ono- 
matophore (name-bearer) to another, I 
believe correction rather than rejection of 
the first restriction would be in the best 
interest of nomenclatorial stability. 

Fourth, if the originally designated or 
subsequently selected locality is shown to 
be in error, obviously it is subsequently to 
be corrected to conform with the new in- 
formation. All sorts of type locality des- 
ignations are subject to subsequent cor- 
rection without shift in onomatophore. 
Especially liable to correction are revi- 
sions based upon subsequent restriction 
or designation, since the sole clues are 
furnished by the type itself, and the sig- 
nificance of all clues may never be fully 
understood. A seemingly reliable alloca- 
tion on the basis of one set of clues may 
prove erroneous on the basis of another, 
more reliable set; thus few of such revi- 
sions may ever be considered wholly final. 
To keep corrections to a reasonable mini- 
mum, it may be concluded that they 
should be demonstrated to possess in their 
favor an approximately 80 percent degree 
of probability. Few corrections can be 
made with absolute certainty; a lesser de- 
gree (perhaps other than that suggested) 
should certainly be admitted as sufficient. 

2. It is obvious that selection of a lec- 
totype or neotype automatically restricts 
the type locality. Whether the selection 
of locality automatically restricts selec- 
tion of lectotype or neotype is not gener- 
ally agreed. It seems reasonable to as- 
sume that one selection binds the other, 
regardless of whether it is the type or the 
locality which is selected first. 

An occasional error of procedure exists 
in selection of a neotype with a type lo- 
cality different from the original; the Com- 
mission has currently under consideration 


the whole question of neotypes, and an 
ultimate pronouncement of the invalidity 
of such revisions is to be expected. 

3. Other controversy is possible on the 
matter of acceptability of revision. In 
large part, it centers upon the question of 
competence of revision. The suggestion 
has been made that only those revisions 
made in monographic works should be 
accepted. If adopted this would place 
upon the Commission the duty of drawing 
a difficult and arbitrary line between 
monographic and non-monographic works. 
Are summaries of geographically related 
populations all less monographic than 
those of genetically related populations? 
If the criterion is competence, as has been 
suggested, this requires a still more diffi- 
cult segregation of good from bad. Per- 
haps brevity of treatment might be con- 
sidered a reliable criterion of competence, 
but in patently brief works such as check- 
lists (for which the Smith-Taylor list was 
originally prepared) no indication may be 
given of the extremes to which the avail- 
able clues have been followed. Briefly 
stated revisions of the localities may, in 
other words, be as competent as some re- 
visions proposed in monographic works. 

The solution to this dilemma seems 
readily apparent. Since all revisions of 
type localities are subject to later revision, 
it is reasonable to accept the first revision 
until that is proved in error or in need 
of further restriction. I presume that pa- 
tently incompetent work may be excluded 
from consideration, but the general con- 
clusion that revisions occurring in check- 
list context are invalid does not do justice 
to the special knowledge possessed by 
such honored systematists as Thomas 
Barbour and Leonard Stejneger (1917), 
who together revised several type locali- 
ties in their checklists of North American 
amphibians and reptiles. 

4. When are revisions of the type lo- 
cality justified? A suggestion has been 
made that revisions of type localities 
should be kept proportionate to the extent 
of knowledge of geographic variation. A 
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type locality like “Atlantic Ocean” might 
be quite acceptable for some widely dis- 
tributed sea turtles, for example, until 
enough were known of the geographic 
variation to enable further limitation of 
the possible area of provenance of the ono- 
matophore. “Mexico” might likewise be 
considered an adequate type locality for 
some widely distributed lizard, until the 
type specimen could be definitely asso- 
ciated by its characters with some specific 
part of the Mexican populations. Only re- 
visions that are justified by detailed 
knowledge of geographic variation and 
the relation of the type thereto, would 
thus be acceptable. 

Such a policy is highly desirable and 
idealistic. That it is equally practical for 
as precise a science as taxonomy is ques- 
tioned. Assay of the characteristics of any 
species of living organisms is a progressive 
matter that conceivably can continue in- 
definitely to increase in complexity and 
minuteness of detail. In practice there is 
probably a very definite limit to the accept- 
able minuteness of detail in taxonomic 
procedure, but that limit has not yet been 
reached in any group of organisms, so far 
as I am aware. Taxonomists are justified 
in drawing whatever conclusions are 
borne out by the information at hand. 
That further revision and refinement may 
be required subsequently goes without 
saying. Revisions of type locality cannot 
at any stage in evolution of knowledge of 
a given species be regarded as binding and 
final; at that particular stage, with that 
given amount of knowledge, the revision 
should be regarded as binding. If and 
when new or additional data can refine or 
correct the former and earlier conclusion, 
the later revision should naturally be re- 
garded as having precedence over the 
earlier one. Precise type localities are an 
indispensable tool of taxonomists; surely 
the provision of them, to the best of cur- 
rent knowledge, is not only the privilege 
but the duty of taxonomists. Even though 
some specialist may possess information 
unknown to the reviser of a type locality, 


information which renders that revision 
untenable, this should not alter the gen- 
eral premise that any considered revision 
of type locality should be regarded valid 
until proved wrong. 

Another question concerning the proper 
occasion for type locality revision involves 
the relative merits of revisions based pri- 
marily upon type specimens, and those 
based primarily upon localities. Inasmuch 
as types cannot always be examined, even 
though they are in existence, arbitrary 
assignments and locality revisions some- 
times must be made even in monographic 
studies. A revision of locality is ulti- 
mately based upon a specimen, and vice 
versa; if selection of a specimen is held 
binding upon the locality (as it is), selec- 
tion of a locality should be held binding 
upon the specimen. Thus as a single 
locality is selected from several originally 
designated, the onomatophore should be 
regarded as one of the syntypes (or a neo- 
type) from that locality. This policy is 
certainly common, even though it may 
not be universal. It is certainly reason- 
able and logical. 

Surely two requirements should be 
made of any revision of type locality: that 
actual knowledge of range justifies the 
revision, and that accessory information 
at hand, such as itinerary of the collector, 
bears out the revision. 


Summary 


1. Revision of original statements of 
type localities is a necessity in taxonomy. 

2. For the sake of clarity citations of 
type locality should always be accom- 
panied by an indication of the status of 
that locality: (a) original designation, (b) 
subsequent designation, (c) subsequent 
selection, (d) subsequent restriction, or 
(e) subsequent correction. 

3. The several sorts of alterations of 
type locality are better known collectively 
as “revisions,” not “restrictions.” 

4. Subjective arbitration is needed on 
the following points: (a) the relative 
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merits (“priority”) of the various kinds 
of type locality revision; (b) degree of 
acceptability of revisionary action, when 
that action may occur in a summary of 
other than genetically related populations 
(as for example in regional lists), or in 
advance of attainment of all knowledge 
that may have a bearing upon the restric- 
tion, or without direct examination—but 
with all pertinent facts in mind—of the 
onomatophore. 

5. Recommendation is made that any 
considered revision of type locality should 
be regarded valid until proved wrong, 
providing it is warranted by actual knowl- 
edge of range and does not conflict with 
known evidence bearing upon geographic 
origin of the type. 


On the Nature 

“Now in order to judge correctly the 
position of systematics within the frame- 
work of biology and the role it is called 
upon to play in the solution of the basic 
problems of this science, one must first 
of all make clear that there is a ‘system- 
atics’ not only in biology, but rather that 
it forms an integrating component of any 
science whatsover. It is astonishing and 
strange to see to what extent in biology 
the meaning that this concept originally 
carried with it has been forgotten in the 
process (fundamentally inadmissible but 
now current) of restricting the concept 
to that of a definite subdivision of the 
whole science. In philosophy ‘system- 
atics’ is generally used as equivalent to 
‘nomothetic’ or ‘theoretic,’ that is, as op- 
posed to ‘idiographic,’ ‘historical,’ or ‘de- 
scriptive.’ For things, phenomena, and 
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of Systematics 


events to be systematically conceived here 
means that they are understood not as 
simple descriptions of accessible separate 
phenomena, but as component parts of a 
regularly constructed order of things, phe- 
nomena, and events. One may then with 
propriety define ‘science’ as the ‘system- 
atic orientation of man within his envi- 
ronment.’ ” (p. 4) 

“The creation of [such] a universal 
reference system and the examination of 
the relationships of that system to all 
other possible and necessary systems in 
biology is the task of that subdiscipline of 
general biological science which one is 
used to calling systematics.” (p. 10) 

Translated from WILLI HENNIG, 
Grundziige einer Theorie der 
phylogenetischen Systematik 
(Berlin, 1950), by GrorcE C. 
STEYSKAL. 








Points of View 





Trivial Names 


What is a species? This is a monotonous 
question. So many answers have been 
given that it is almost impossible to give 
one that is really new. One may consult 
a dictionary, or find whole volumes at- 
tempting the answer. Today a very pop- 
ular approach involves study of genetics, 
and endeavours there to find a touchstone 
or magic simple answer. 

The zoologists who are most concerned 
with this question are the systematists. 
It has been said that their task is to detect 
evolution at work. The systematist must, 
in so far as is possible, detect genetic rela- 
tionship. He must reveal his study by the 
way he groups units. He must in this way 
harmonize with, and illustrate evolution. 

The suggestion is here made that the 
species is the trivial unit with which the 
systematist should build genera, families, 
orders, and classes; in other words, that 
the species is less a composite, and is 
rather more a primary item. 

This discussion has been termed “trivial 
names.” In one sense of language, a spe- 
cies is a name; it is also that for which 
the name stands, but there is real value 
in a name as such. Although the history 
of nomenclature is an old story to all of us, 
it may be in order to call attention to it 
again. There was, and is, a felt need. 
Primitive man felt an irresistible need to 
name the animals he hunted, or that 
hunted him, so he could communicate 
about them. In the course of time, how- 
ever, vernacular names multiplied and be- 
came vague, many names for one animal, 
again one name for many different ani- 
mals. Linné’s great work received un- 
usual popular acclaim because he pro- 
posed a solution, a precise international 
name for each kind of animal. We still 
need this precision. 


Linné proposed (as a few others had 
less vigorously done before him) a double 
name. Each animal had a generic name to 
show his genetic relationship. Each ge- 
netic genus might have only one, but usu- 
ally had more than one trivial member. 
The species name is the trivial designa- 
tion; yet many are now trying to make it 
become that which shows genetic inter- 
relationship. They are substituting the 
subspecies as the primary unit. 

Some dictionaries, many lesser zool- 
ogists, and the one whom many consider 
to be the greatest living systematist, pro- 
pose a criterion of complete genetic isola- 
tion for species determination. Already 
they propose that most kinds of wild ducks 
are all one species, all or nearly all galli- 
naceous birds—pheasants, grouse, quail 
and the like, are all one species. Even 
many wood warblers are all one species. 
They still admit different species of 
thrushes but tomorrow someone will find 
a thrush hybrid and another category of 
species will be destroyed. I am morally 
certain that the American robin will inter- 
breed with the old-world blackbird if it 
ever gets a chance. By the geneticist’s 
definition tigers are at best a subspecies of 
the lion, and bison merely a race of do- 
mestic cattle. Certainly tigers and lions 
are related, as their fertile hybrids prove, 
but may this not be revealed by putting 
them in the same genus without putting 
them in the same species? 

Charles Darwin wrote a great book 
called The Origin of Species. How do they 
originate? We now know the importance 
of mutations. Suppose a new kind arises 
—call it z. The geneticist says it cannot 
be a new species because of its relatives. 
Eons come and go and the kind called x 
becomes old, but its still older relatives 
may finally all become extinct. One by 
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one they vanish from the face of the earth 
until x is left isolated, like an ancient crag 
on a mountain, without kith or kin. Are 
we now finally sure that nothing else will, 
anywhere, under any circumstances, ever 
breed with x? Then and only then does 
this now senescent type finally become a 
species. Such a unit is not trivial. This 
definition of species gives us fewer and 
constantly fewer species as more and more 
discoveries are made. Meanwhile in na- 
ture, as Darwin clearly saw, genetic dy- 
namics are really making more and more 
species. There is a contradiction some- 
where. 

The value of morphology and physi- 
ology might be taken as the subject of the 
present discussion. Miller (Auk, 66, 338- 
342, 1949) stated an age-old and valuable 
concept very clearly, He spoke (p. 341) 
of the agreement “that species differ from 
one another by many more characters 
than do races.” We must consider physi- 
ology and morphology as well as genetics. 
In my own research field, the Porifera, 
controlled sexual reproduction has so far 
been unattainable, may never be attained. 
Therefore, my systematic work by sheer 
necessity depends upon physiological and 
morphological criteria. I am sure they 
have value. Undoubtedly genetic data 
would add tremendously, would be eagerly 
welcomed to my field. Undoubtedly the 
early systematists relied too extensively 
on morphology. Yet the pendulum can 
swing from one extreme to the other. 

My principal work concerns Porifera, 
but in second place for me comes orni- 
thology. I have, for example, made some 
field study of the genus Sphyrapicus. It 
has an eastern representative, the yellow- 
bellied sapsucker. This varies from east to 
west, gradually shading from typical 
varius to the slightly different subspecies 
nuchalis. In the Pacific Coast regions we 
have the extremely different red-breasted 
sapsucker. From north to south this is 
also variable, shading gradually from 
typical ruber to the slightly different sub- 
species daggetti. Note, however, this is not 
variation towards nuchalis or varius. Now 


it so happens that in a narrow strip in 
Oregon, especially about Fort Klamath, 
ruber meets nuchalis and interbreeds. 
Therefore, the officials of the American 
Ornithologists’ Union have voted that all 
these four kinds are one species, Sphy- 
rapicus varius, with subspecies varius, 
nuchalis, ruber, and daggetti. 

My contention is that scientific nomen- 
clature should show degree of difference 
as well as the fact of relationship. It takes 
an expert, with a series of specimens in 
his hand, to tell ruber from daggetti, but 
a child can tell ruber from nuchalis a 
block away. These are emphatically not 
four equivalent ranks, but two pairs, 
widely separated. By making the trivial 
name be the genetic name, all four ap- 
pear to be equally important subspecies 
of varius (which is at variance with na- 
ture) or—to avoid this—we must have 
sub-subspecies: S. varius varius varius 
and S. varius varius nuchalis in the east, 
with S. varius ruber ruber and S. va- 
rius ruber daggetti in the west. 

Hubbs (Ann. N. Y. Acad. Sci., 44, 109- 
121, 1943) well and appropriately deplored 
resort to quadrinomials. We do not need 
quadrinomials to represent nature. Ben- 
gal tigers and Siberian tigers differ from 
each other, but tigers differ yet more from 
lions. I protest calling the tiger Felis leo 
subspecies tigris and then seeking its sub- 
subspecies. I disagree utterly with H. M. 
Smith when in a paper entitled “Definition 
of Species” (Turtor News, 30, 110-120, 
180-182, 1952) he says (p. 181), “If inter- 
breeding now occurs in such formerly dis- 
junct species or genera, yet a geographic 
or ecological segregation ... does re- 
main, the forms should be recognized as 
subspecies.” Yet I agreed heartily with 
the same writer when he said on the previ- 
ous page, “Common sense requires recog- 
nition as species of commonly recognized 
and well-differentiated forms such as the 
pintail and mallard, the buffalo and cow, 
horse and zebra, and other disjunct kinds 
that are known to lack intrinsic repro- 
ductive barriers. What applies to such 
conspicuous examples applies likewise to 
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parallel cases less well known.” He then 
goes against this excellent advice, taking 
the other side of the debate, by indicating 
that Lampropeltis californiae (a striped 
king snake) which used to be a species 
has ceased to be one because it has begun 
to hybridize with Lampropeltis getulis (a 
ringed king snake). Extinct species have 
not ceased being species, even though 
none still live. 

The title of this paper might equally 
well have been “What shall we call hy- 
brids?” The International Rules of Zoo- 
logical Nomenclature devote Article 18 to 
the question. It proposes union of two bi- 
nomial names by a multiplication sign, or 
by using one as the numerator and the 
other as the denominator of a fraction. 
Obviously this is useful only for first gen- 
eration hybrids. We have hybrids of hy- 
brids of many times hybrids in nature. 
Miller (1949) mentions some of these, and 
how by independent assortment the indi- 
vidual may be nearly like one pure species 
in one trait, and yet be intermediate, or 
more like the contrasting purebred in an- 
other. 

Article 18 interestingly provides a sort 
of specific or trivial name for cases where 
the parents are not known. Why not? Do 
we not, on a very practical basis, go on 
calling the domestic dog Canis familiaris 
although we know almost for certain sev- 
eral of the fossil species that primitive 
man hybridized to produce his faithful 
canine friend? Suppose one of these an- 
cient prototypes were found to be still 
alive in the mountains of Tibet? What 
would that do to the specific name of our 
household pets? Did all four or more wild 
species become one species when the cave 
man hybridized some of their individuals? 

Would it not be a worthwhile rule to 
permit trivial names for known hybrids 
about which we must write or talk? When 
we talk about Lawrence’s warbler in the 
vernacular, it is convenient to have that 
designation available. Of course all orni- 
thologists know it is a hybrid between 
Vermivora pinus and V. chrysoptera. 
Some of them even write its scientific 


name Vermivora lawrencei. Such a cus- 
tom could make scientific naming become 
nearly as precise and useful as are the 
vernacular names! The geneticist in his 
laboratory or museum says that the 
golden-winged warbler, and the _ blue- 
winged warbler, and brewster’s warbler 
and Lawrence’s warbler are all Vermivora 
chrysoptera, and some are beginning to 
claim that both the yellowthroat warbler 
and the parula warbler are as well, al- 
though these on morphological grounds 
are placed in two additional genera. 
Where will it end? I have much to do 
with field students of birds and they are 
expressing growing contempt for the so- 
called scientific names; in a very scientific 
way they turn to the precise and meaning- 
ful vernacular names. 

Miller (1949) intelligently approached 
the problem of hybrids, saying (p. 342) 
“A group of hybrids linking two forms 
can neither be assumed to indicate species 
status because of ‘hybrid appearance’ nor 
can they safely be supposed, regardless of 
their number, to indicate full or even par- 
tial breakdown of reproductive isolation 
and hence racial status. 

“The situation must be completely ex- 
plored to determine the manner and 
degree of reproductive isolation, and we 
should not always expect therefrom a 
simple positive or negative answer.” 

A helpful contribution to the species 
problem can be found in the writings of 
Blair (Ann. N. Y. Acad. Sci., 44, 179-188, 
1943). He comments (p. 182) on earlier 
usage of a term, cenospecies, which he re- 
defines as “a natural population that is 
infertile (can produce only sterile hybrids 
or none at all) with every other popula- 
tion.” It is the use of this as a species defi- 
nition that says that tigers are lions and 
pintail ducks are mallards. May we not 
frankly realize that a cenospecies is a 
grouping and not a unit? It may comprise 
many real species. I suggest that the term 
cenospecies may be regarded as the equiv- 
alent of a subgenus, and that Blair’s “in- 
cipient species” are the real ones, such as 
Darwin and Linné wrote about, and such 
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as we deal with on the farm, in the zoo, 
or out in the field. 

May we not have an “either-or” defini- 
tion of a species? If two populations differ 
radically in morphology and physiology 
and are at least somewhat isolated repro- 
ductively, they are two species. If they 
are sterile with respect to one another 
and differ at least somewhat in morphol- 
ogy and physiology, they are two species. 
To be sure, this puts some strain on the 
judgement as to how much is “radical” 
and how much is “somewhat,” but unfor- 
tunately nature is like that. 

So far I have chiefly expressed agree- 
ment with some experts and disagreement 
with others. This may have been worth- 
while inasmuch as it voices the protest of 
many zoologists. But can I make any posi- 
tive contribution? I certainly have no 
great, new panacea, but have been able to 
make a small contribution by use of 
graphic representations. Let the ordinates 
represent physiological and morphological 
differences. Let the abscissae represent 
geographical location. 

Case number 1: 


Here we have two kinds of animals that 
are definitely unlike, and isolated (allo- 
patric). Clearly they are two species. 

Case number 2: 


Here we have two kinds of animals that 
are unlike, and genetically separated (not 
interbreeding). These are sympatric or 
even may be parapatric. They are two 
species. In this case the genetic criterion 
is of paramount importance. 

Case number 3: 





Here we have two groups of animals 
that are very similar, yet are genetically 
separated, at least until some meddling 
human being transports one in a cage. 
They are allopatric. They may be called 
isolated —even to having a “bridgeless 
gap.” Yet they conceivably might be the 
same species. 


Case number 4: 


a 


Here the animals differ, but a contin- 
uous progressive blending occurs. It is 
significant that one expert may divide the 
population into four subdivisions, while 
another equally competent specialist will 
divide the population into seven or more 
subdivisions. Not only reproductive func- 
tions, but also other physiological and 
morphological attributes, fail to show 
sharp or large differences. This is a single 
species with subspecies. 

Case number 5: 


Here we have, as it were, two plateaus. 
Comparison to case number 1 is signifi- 
cant. The two major populations have 
large, evident differences and some meas- 
ure of isolation, although not perfect re- 
productive isolation. There is a region of 
overlap (parapatric) but within it the in- 
dividuals do not form a descending series. 
That they are interspecific hybrids is indi- 
cated by the fact that a hybrid nearly like 
the one type may occur geographically 
next to the region of purebreeds of the 
opposite type. In this case, the individuals 
of the two plateaus certainly deserve sepa- 
rate trivial names, not the same one. 

May I suggest, however, that we need 
to talk and write about the individuals of 
the zone of overlap. It would be conven- 
ient to have a designation for them. In 
the case of Sphyrapicus they are neither 
varius nor ruber, or one could say they are 
simultaneously varius and ruber. Should 
we have a special sort of trivial name for 
them and their like? Conceivably the In- 
ternational Commission for Zoological No- 
menclature might add to Article 18 some 
provision for such animals. We might 
have cenospecies, species, and mixo- 
species. 


M. W. DE LAUBENFELS 
Dept. of Zoology 
Oregon State College 
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With the advent of 1953, H. B. Hunger- 
ford took over the presidency of the So- 
ciety from the able hands of A. S. Romer. 
Prof. Hungerford, head of the Department 
of Entomology at the University of Kan- 
sas, is a world-known authority on the 
taxonomy and ecology of aquatic and semi- 
aquatic Hemiptera. The election of H. W. 
Stunkard as President-elect for 1953, and 
those of J. S. Rogers, University of Mich- 
igan, and H. M. Smith, University of Illi- 
nois, as Councillors for the 1953-1956 term 
were announced at the annual meeting. 
Prof. Stunkard, head of the Department of 
Zoology at New York University, contri- 
butes an article to this issue of SysTEMATIC 
ZOOLOGY on animal parasites, his major 
field of interest. 


The fifth annual meeting of the Society 
of Systematic Zoology, held in St. Louis, 
Missouri, on December 27 to 30, 1952, was 
well attended. The formal program did 
not begin until the afternoon of the first 
day, and the Society’s collection of recent 
zoological books was the center of interest 
among those who arrived in the morning. 
This library, which attracted considerable 
attention throughout the four days of the 
meeting, was attended by Ross H. Arnett, 
Jr., the librarian. These books, in addition 
to those on systematics, included text- 
books on subjects related to systematic 
zoology, general zoology and biology texts, 
monographs on various animal groups, 
popular books on natural history and the 
standard reference works—the Zoological 
Record and Neave’s Nomenclator. 

Both the discussion of H. F. Blum’s 
Time’s Arrow and Evolution and that of 
G. G. Simpson’s The Meaning of Evolution 
by panels comprising the author and sev- 
eral other experts attracted large audi- 
ences on Saturday afternoon. In addition 


to Dr. Blum, the panel for the first dis- 
cussion included G. G. Simpson (paleon- 
tology), Wendell Latimer (biochemistry), 
Edgar Anderson (plant evolution) and 
Urless N. Lanham (physiology and evolu- 
tion). R. E. Blackwelder presided. G. W. 
Wharton presided over the following 
panel in which H. F. Blum (biochemical 
evolution), Glenn L. Jepson (paleontol- 
ogy), E. T. Smith (general biology) and 
T. C. Schneirla (animal behavior) con- 
sidered Dr. Simpson’s recent account of 
evolution for the general reader. All of 
the Society’s afternoon and evening pro- 
grams were co-sponsored by Section F of 
the AAAS. 

An excellent symposium on “Life His- 
tory Studies in Relation to Systematics” 
was sponsored by the Society on Saturday 
evening. E. Raymond Hall presided dur- 
ing the presentation of the three papers. 
Horace W. Stunkard considered the sub- 
ject in relation to parasitic worms, Grace 
L. Orton, in fishes and amphibians, and 
Charles D. Michener dealt with the perti- 
nence of life history studies to insect sys- 
tematics. 

The annual business meeting on the 
morning of Sunday, December 28, opened 
with the reports of the officers and of the 
committees on Nomenclature, Abstracts 
and Bibliographies, Education and Lin- 
naeus centennial. The secretary made sev- 
eral announcements of general interest, 
among them the Council’s decision that 
the 1953 meeting of the Society is to be 
held in Boston concurrently with the meet- 
ing of the AAAS. Berkeley, California, 
was chosen as the site of the 1954 meeting, 
again with AAAS. It is understood, how- 
ever, that participation in an eastern 
meeting is desirable, if it can be arranged. 
The advisability of printing Pearse’s List 
of Zoological Names under the Society’s 
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name was discussed at some length. The 
secretary was directed to explore the pos- 
sibilities of preparing a new and enlarged 
list. 

The anecdotal sketches of famous zool- 
ogists presented on Sunday afternoon 
were a great success. Alexander Petrun- 
kevitch presided and also presented the 
last sketch, “August Weismann.” The 
other four were “Charles Darwin as a Bar- 
nacle Specialist”, by H. A. Pilsbry (read 
by R. E. Blackwelder in Dr. Pilsbry’s ab- 
sence), “Charles Wardell Stiles”, by Frank 
G. Brooks, “E. D. Cope and O. C. Marsh” 
by Alfred S. Romer, and “David Starr 
Jordan” by Carl L. Hubbs. This sympo- 
sium was co-sponsored by Section L— 
History and Philosophy of Science—of the 
AAAS. 

“The Last Frontier’, a color motion pic- 
ture on oceanography, made by the Allan 
Hancock Foundation was shown on Sun- 
day evening by John S. Garth of the Foun- 
dation. Dr. Garth provided the narrative. 
This film included the still photographs of 
the ocean floor taken with the bentho- 
graph. 

On Monday morning concurrent ses- 
sions for the presentation of papers on 
“Evolution and Classification” and “Gen- 
eral Systematics” were held. Carl L. 
Hubbs presided at the former during 
which the following contributions were 
read: “Speciation among the Opiliones 
(Arachnida),’ Clarence J. Goodnight; 
“Convergent Evolution among _ the 
Nymphs of Mayflies,” George F. Edmunds, 
Jr.; ‘The Possible Occurrence of Random 
Fixation in a Population of Fleas,” Harold 
KE. Stark; “Generic and Supergeneric Con- 
cepts in the Dipterous Family Sarcopha- 
gidae,” Harold R. Dodge; “What is a Spe- 
cies?”, M. W. de Laubenfels; “Serological 
Relationships among Some Distantly Re- 
lated Arthropods and Mollusks,” Charles 
A. Leone and Harry E. Webb; “Serologi- 
cal Relationships of Some of the Families 
of Snakes,’ Elias Cohen; “Geographical 
Variability in the Common Hog-nosed 
Snake, Heterodon platyrhinus Latreille,” 
Richard A. Edgren (by title). Harold W. 


Manter presided at the session on “Gen- 
eral Systematics” during which the fol- 
lowing papers were read: “Host Parasite 
Relationship in Avian Nasal Mites,” R. 
William Strandtmann; ‘‘Taxonomic Value 
of Male Genitalia in the Ithomiidae (Lep- 
idoptera),’ Richard M. Fox; “X-ray Pho- 
tography as a Tool in Systematics,” 
Robert R. Miller; ‘Some Problems of Tax- 
onomy within the Family Trypanosom- 
idae (Protozoa: Mastigophora),” Harley P. 
Brown; “The Lemnisci in Acanthoce- 
phalan Taxonomy,” Harley J. Van Cleave 
and Jean A. Ross; “An Analysis of the 
Shells of Fresh-water Mussels Killed by 
Illinoian Indians of the Hopewell Cul- 
ture,” Max R. Matteson; “Names of Mi- 
crotine Rodents,” E. R. Hall; “The Making 
of Keys,” Z. P. Metcalf (by title); “A New 
Cyprid Ostracod from Maryland,” Edward 
Ferguson, Jr. (by title); “A New Subspe- 
cies of Bufo terrestris from Oklahoma,” 
Arthur N. Bragg (by title). Abstracts of 
these papers and the ones presented in 
Tuesday’s session can be found in the De- 
cember 1952 issue of SysTEMATIC ZOOLOGY. 

On both Monday and Tuesday after- 
noons the Society sponsored panel dis- 
cussions of widely used college texts. 
Biology texts exemplifying three ap- 
proaches were the subject of the first panel 
at which Paul L. Illg presided. The texts 
were General Biology for Colleges, by G. 
B. Moment, Biology and Its Relation to 
Mankind, by A. M. Winchester, and Biol- 
ogy — Its Human Implications, by G. 
Hardin. The panel included the authors, 
Ruth S. Breen and William Etkin. The 
zoology texts discussed on Tuesday were 
Man and the Animal World by B. R. 
Weimer, College Zoology by R. W. Hegner 
and K. A. Stiles, and College Zoology by 
G. W. Hunter III and F. R. Hunter. 
C. Clayton Hoff presided over the panel 
which included B. R. Weimer, F. R. 
Hunter, W. C. Curtis and R. Buchsbaum. 

Most members spent the early part of 
Monday evening listening to a stimulating 
lecture by D. M. S. Watson entitled 
“Africa and the Origin of Man.” This was 
the annual address of the Society of the 
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Sigma Xi. The zoologists’ smoker, jointly 
sponsored by the Society of Systematic 
Zoology and Section F of the AAAS was 
held in the Exhibition Hall of the Kiel 
Auditorium. 

The Tuesday morning session for papers 
on “Nomenclature and Distribution” was 
presided over by W. I. Follett. The fol- 
lowing papers were presented: “Some 
Observations on the Nature of the Genus,” 
Ross H. Arnett, Jr.; “The Status of Re- 
visions of Type Localities,” by Hobart M. 
Smith; “Seasonal and Geographical Vari- 
ation in North American Daphnia,” J. L. 
Brooks; “Type Genera in Synonymy and 
their Relationship to Stability in Family 
Names,” James A. Slater and Jean L. 
Laffoon: “Plea for a Uniform Family End- 
ing for all Order Names in Zoology,” Har- 
ley P. Brown; “Notes on a Collection of 
Chinese, Japanese and Korean Myria- 
poda,” Yu-Hsi M. Wang (by title); “Dis- 
tribution of Pseudo-scorpions in North 
Central New Mexico,” C. Clayton Hoff; 
“First Supplement to the Myriapoda of 
the Philippine Islands,” Yu-Hsi M. Wang 
(by title). 


The meeting concluded with the zoolo- 
gists’ dinner at which the vice-presidential 
address of Section F of the AAAS was 
given. Alfred S. Romer, retiring president 
of the Society of Systematic Zoology, intro- 
duced Waldo L. Schmitt, vice-president 
and chairman of Section F,, who presented 
an address on “Applied Systematics.” 


The Geological Society of America an- 
nounces the publication of a Memoir en- 
titled Paleozoic and Mesozoic Arachnida 
of Europe by Alexander Petrunkevitch. 
This study is a revision of all available 
types of Paleozoic and Mesozoic Arachnida 
in European collections, based upon per- 
sonal examination by the author. All 
European type specimens are redescribed 
and some new specimens are described. 
As complete reference to all American 
types is given and there are keys to all 
families, genera and species, this volume 
serves as a handbook of all Paleozoic and 
Mesozoic Arachnida known throughout 
the world. Fifty-eight plates (114 line 
drawings and 88 photographs) illustrate 
the 122 pages of text. The price is $3.00. 
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SYSTEMATIC ZOOLOGY is published quarterly by the Society of 
Systematic Zoology. Its purpose is threefold: To publish, and there- 
fore to encourage the preparation of, contributions on basic aspects 
of all fields of systematics, principles and problems; to provide a 
suitable forum for discussion of the problems of the systematist 
and his methods; and to report as news the other activities of the 
Society of Systematic Zoology. 


Contributions of the following types are solicited: Papers on prin- 
ciples and the applications of principles of wide implication and 
general interest in any phase of systematics, such as comparative 
anatomy, zoogeography, paleontology, taxonomy, classification, evo- 
lution, or genetics; discussions of methods, specific problems, and 
activities of systematists; discussions of new books and mono- 
graphs; and news of systematists, organizations interested in sys- 
tematics, research and teaching programs, expeditions, collections, 
meetings, and anything else of interest to systematists. 


Major articles should be from 1500 to 10,000 words in length. Dis- 
cussion articles should not be over 400 words unless of very general 
interest. Contributors are encouraged to submit line drawings and 
diagrams to illustrate their articles. Half-tones may be accepted 
where necessary to the article. 


THE PUBLICATION FUND 


A Publication Fund was established tu help in the initiation of this 
journal. It consists entirely of donations from the members. It is 
hoped that it will be a permanent fund for use in other publication 
programs as well. For this reason further contributions of any 
amount will be welcomed. At present this fund is restricted to 
use for SYSTEMATIC ZOOLOGY, under the supervision of the 
Council. 








